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PREFACE 


‘THE COMPLETION of the circuit that converts an idea 
into a projec is often a matter of circummance. It was 40 in 
regard to the present undertaking. 1 was exuch impromed, in 
Vining the Ceauury of Progress Exposition ia. Chicago in 
2983 With the magnificently aged demonstration of the 
progromive réle of science in human affair. But it also ica- 
pressed me then oculary, ax it had done zeectively yeart 
before, that the sory of dhe triumps and thetr mages octed 
the even mote signiGcant story of ervors on che way. 

‘The central conviction responsible for the underaking it 
that the vital story of scientific thought js onc of the mr 
mounting and correcting of error. In the long bistorial vista 
the highhgbt, coneructive moments arc few and for be- 
tween: Pythagoras, Arinotle, Archimedes, Roger Bacon, 
Galileo, Newton, Harvey: and then the modem era when 
the supremacy of scientific thinking became eablished 
under the leadership of 2 succession of great minds, From 
Darwin am, the march of science hay accelerated by leaps 
‘and bounds. Through biology, anthropology. and paychology 
‘we became conscious of the course of our intellectual ascent, 
‘Anew complexion was given to the story of man when Samet 
Harvey Robinson made the signiGcance of hitory to be 
‘Mind in the Makiog.” 

From the preset peak af wieotife schicremeot the enreer 
‘of science invites 2 survey of the departares and anisemploy- 
‘menu oo the way. Profemor Eric TF. Bell comments in the 
same conviction.' Speaking of Fythagocas, he conjectures dat 
if instead of following the lure of that Greek some, we “tad 
continued slong the hanber road of scientific experiment,” 


1 ti petatog ac rat Mamata (oat wll The Sete for 
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a PREFACE 
‘we should fot have had to wait until 1581 for “Galileo to 
art the sientiGc age"; apd if Archimedes kad not heen 
‘butchered io xix 2c. But had been accepted as the prime 
guide iotead of Plato, then by 100 4. Julies Gesar might 
have seat the “Ent and second cruising sqnadens of the 
‘Roman Air Fleet in a ewobour fight from Ona {to Athens] 
with incendiary borate and cholera germs," and by $00 42. 
“for lack of brains or science to conduct its affair intelli 
seotly, civilization would hare ended and Homo sapsens ve- 
‘tured to its ancestral ree.” 

But the disal power of scicnor are oo more in point 
chan ite poteatial beoefic, In either came dhe might have-been 
conjecture makes pivota) the errors and lost opportunities, 
‘When the rare chances of intellectual emancipations were 
mined, there ensued long stagnant periods of unprofitable 
‘treadmill jotellection, which somehow—and that, to our 
‘emancipated minds, is the not exsly intelligible part of the 
sory-was more congenial to the intelligentsia, 

‘The table of contenta indicates the plan of the book. ‘The 
two major hemispheres of investigation are World and Man; 
‘and where man enters, the penipective of rignifcance ncquires 
an added dimension. As history recedes-like the retinal im- 
ages of objects at they are core remote from our point of 
vitlon--the greater emphasis is given to modera error, which 
ae newer and seem larget. Only such applications bave been. 
included as depend covey upon fundameotal ideas Iratitu- 
tions and codes, chuschet, cour, state, choo, engineering, 
agains generally, fall oatide the carvan, The content and 
petipective of presentation are jumied by the yardstick of 
‘buman interests, both for understanding and for welfare. 

expres: my obligation so my contributon, and particu 
larly to Profesor Robinson, to whom I took my project in its 
‘unformed stages and whose cordial encouragement spurred 
it along, This acknowledgment is now a tribute to his 
memory. Other distinguished exponents of science whose 
names do not appear fa the volutoe gave me helpfal advice. 

‘A doven and more minds, representing as many disciplioes, 











PREFACE a 
‘wil inevitably cach appetach his topic and the genera thesis 
from his special interest. The resulting varicty of presenta- 
tion refleets the contemporary picture without detracting 
from it uoity of theme. My contributors have been patient 
‘with my suggestions and colperative in thetr consideration. 
‘The value of the volume res upon the expertnea of thelr 
authoritative presentations. T am likewise indebted to the 
publishers for their spomoriog of the venture from ita be- 
innings aa schesae to is consanamation as «book, 


Josun Jasriow 
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THE STORY OF 
HUMAN ERROR 


Intropuction 
THE PROCESSION OF IDEAS 
By Joseph Jastrow 


THE woDEAN OUTLOOK 


NZO.MODERN MAN, sorrouned by dhe comfort wn 
Denelis of science, with triomphs of invention at call, 
1s apt to accept his heritage withoux reflection or gesture 
‘of graticade. In x day's work and an evening's play, be hears 
bby telephone and radio, secs motion pictures anu telepho- 
tography, making remote peoples and events as familiar as 
neighbors. He learns week by week what experts have agent 
through ultramicroscope and supertelescope, by Xerey and 
by light beyond the spectrum. The daily wizardry of his life 
‘exceeds by umdreame spans of wooder the fabled marvels of 
‘ld, He reaches the metropolis through © mileiong tube 
under a river, it lifted to offices a lrundzed Soors above the 
virect; tinvels fut and far ob electrified roils in Iuxurious 
sir-conditioned coaches in streamlined trains; and fies sill 
faster on scheduled airways across continents, 

‘The neomodem mind taker till more for granted when 
‘ca accepts mnrefectively and an itd atpared Birthtight prescat- 
day knovledge and the techniques for arriving at it, Such 
inscustive complacency may well be discurbed by tracing 


* THE STORY OF HUMAN ERROR 
the tow, groping sepschrough false leads, futile ques, 
quagmires of ignorance, thickeu of superstition, obsruc- 
tons of dogma, ineptinudes in reasoning, incerspersed bere 
and there with the ventures of ploncering minds—by which 
four intellectual forebears prepared the way for our present 
commanding, enlightened esate. 

‘The sory of the cciumpbs of stan ehe thinker shoukl not 
crowd out the yet mote imstractive creer of tan the blun- 
derer. An increasing price bas bern paid for the emergent 
‘control ani insight. The responsible reflective should know 
something of the sory of tiaman error, something of the 
proceuion of ideas that set the themes for the irregular 
‘march of thought through forgoiten centuries, something of 


‘medieval Europe, Dark Ages and Renaivance, 


I 





cof thought; yet the critical events of the two sequence are 
shaped by different moments. The atceptcd premise in tbe 
search for truth determine the ques. Toy give a distinctive 
set to the ancient, the medieval, the madera, and the neo 
modern mind. Each comes to the inquiry with a different 
equipment, speaks another and 2 growicg language. When 
wwe heat cited the eck scholastic diseusioa of bow many 
angels can dance on the point of a needle, we are struck not 
amerely by the incougruiey of angels and needies, but by the 
state of mind and interes that could raise and asgue the 
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(question: yet minds then and now and Unrough exter ond 
intervening ages hat the mae fundsmental codowment. 

Such shifts in the temper of comideration—major shifts 
and minor onesno less than advancements in data abd 
Jogical andards, place end date the milestones in the pro- 
eemion of ideax Comparing ourselves with former intel- 
Jectual generations, we find that we no longer ask the sme 
quescons; thar the questions we ask, the date we collect 
and seek, the concepts we develop, the techniques we em- 
ploy for solution of our problems, the conclusions we reach, 
are widely diferent io temper as well as in content, difiet 
as markedly {n approach a8 in conviction, The wructarea of 
the brain of men show mo such decisive contrasts as do 
their employments; i isa progres in heritage far more than. 
in capacity. Often the strands of thought-kinsbip of old and 
‘new can he traced only dhrough large concestions. Civiliza- 
tion is an iatue of learsing asd logic; the primary datom is 
‘what cen pat their minds to and how. 

‘Neomodern thought is the qualifed and privileged heir 
of all the ages of scientifc thinking: ail more, it represents 
the thorough reconseruction of that heritage. From our point 
(of vantage we cooteroplate the record of the anccstral x: 
plorations of the pbenomena of the world, of the nature of 
‘man and his place fo it. and trace the coune of error 00 the 
map of science. We are imprested by how much has been 
euigrotea, disowoed, corected, and superseded, yet retained 
as foundation for structures that wand. In the Hie sciences 
the ellective omnter of our outlook is as recent a1 Darwin, 
and it has shifted since. Every province of Koowledge bas 
‘been reorganized by the wisdom of the moderns It is our 
‘weatieth-cenrury privilege to enter confidently into our pow 
seaions, recognizing our obligation to the past while boldly 
following the lead of the present. 


A.ttanderd peychological experiment texts te rat's abitity 
‘in Jearning to run varied parnems of mazcs in the search Eor 





4 THE STORY OF HUMAN ERROR 
food or cxcape. The renuls shaw the rodents procedure 60 
be one of tre! end error. Rais learn to avoid wrong paths 
‘which lead nowbere and to take correct turns by gradual 
profits of direct experience. Haman leeraing procceds both 
similarly and far more complenly. It isthe irazaan privilege 
to plan and map the solution, to consider it fore and aft. It 
is alo the human lability to form irrational attachments 
to fale turns and blind alleys and to ignoee experience in 
ennsequence of x mane of predilecions, The progres of the 
‘many depends on the occasional suscen of a wiser “rat 10 





many, there is progres in human affairs without it, the 
‘atic routine of tradition continues, The ras of today, even 
hose which have enjoyed the—doubtles to them meaning- 
lea advantages of x training in a prychological laboratory, 
are co wiser, no better informed, than those which guawed 
the com in Pharaob's gramaries. Yet Profewor C. J. Herrick 
presents vividly the common qualities of the Brains of Hats 
end Men. 

ur theme converges upon the employment of intelli- 
ence-to what wes roan pots the sopicoee which since the 
days of Linnazus has become his zoological appellation. The 
capacity to reflect, to analyze, to organize, to review the 
sages of mental progrenion, is the decisive qualiry: it pro- 
ceed upan the democratic disemipation ofthe reuli, which 
in education. The exceptionally apt at the process become 
the mnielhgentn of their day. 

‘The procession of ideas wends its uncertain way, mubject 
to the viciwitudes of cixcuméance, awaiting the direction of 
loneering leaders. There are, however, moments of critical 
‘consequence in its cour, when the scum of thought tan 
{full and high, One such golden period sands woenceed and 
enablithes 2 clasic kinship acrom fveand-wenty ceutaticn 
‘The Geir for reflection of the ancient Greets created an 
spoch in the history of thought. The recognition of its 
double sien then became anuculate, The one element is the 
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tendency to accept conctusions and devise solutions at the 
lnutigation of urges, of the penoealized motiver and satis 
factions that wen live by; soch understanding of human 
muind-ways becune—longe intervsiloPsycbology. The other 
is the critical examination of the validity of the proces, the 
analysis of methods of procedure, the program of confirms 
Gon—evidence, proof. tet. prediction, consistency: that criti 
cal expertens developed into the discipline of Logic. Joint'y 
they were applied to the problems of the world and life, 
from which emerge the several scicaces—virtually all one 
science of Nature. From the way of knowledge spring the 
‘ways of life; civilization, in Santayana’s pithy phrase, com 
‘ines pasion and palicy. 
Combined with thas insight was anceber of equal value— 
the advance 19 the natural from the sopermatural explana 
tion, A great wep wae taken wben the fla of lightning and 
the peal of thunder were explained, not as the wrath of the 
‘gods, but as the operation of physical forces under atmos- 
Pheric conditions. It was 2 Grdisant ep in the mame 

when Franklin sent bis key along a hice und 
‘evablised the kiouhip of the Uightning bole and an electriall 
discharge. The Greek wage and the experisocoting American 
philonopher, despite their divance in time and training, are 
brain-beorhers in xcieoe. The varying patterns of fusion 
of logical and prychological elements characterize the atk 
‘vance of knowiedge. The preseot project reconstruca the 
‘byways in the natural history of thought; selected scenes 
from that loogrange panorama may be pieced together as 
the procention of ideas. 

‘Time AxTacenmrrs OF scumyct 

‘The pacural history of error gots back co the eatlien stages 
of thought. So foreign to our ways of belief are the workings 
of primitive mentality that we scarcely think of its products 
as errors—only as crodities of tind in the making. Yet they 
‘belong to man’s authentic intelleemal part and have Icft 
their miné-prints on the amds of time, 
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‘The presiowiic mentality of primitive man is condi. 
tioned by the undividedness af his universe—of bis view of 
it, All cwenss aod their loosely and vaguely observed “be- 
fora” and “afvers” are of one undifferentiated order: and 
dat order is peychie, patterned after the most intimately 
Iknown of amtecedents end coosequents, man’s “inside” ex- 
perience of his fears and angers, his hopes for favors and. 
Dbencins to come from the powers that be. Into whit we 
regent 24 fotces of Nature, be projec the sane friendly 
and antagonlitic feelings ab arouse his own octivitics. He 
apimatry aod asisnizes Nature—woods and weather, vars abd 
‘wa and mooo, sea and land, sizals wod plana. With Tite 
irulght into phyical operations, he creates 8 world of peyehic 
rage, peopled with gods. He jovents ccremonies 19 pro 
pitiate their dispositions, to avoid their il-will, to atone for 


1s transgrewions in the powers of his world; yet 
Ae ara wo en sacra, acen ote eed 





experience. 

Primitive man’s domioant belies xnd Lifeserving customs 
may all be interpreted from this position; this Weltan- 
schauung stands as the great, prebisoric antecedent of 1 
ence-richly fave. Its masive impres upon habits of mind 
‘remains, from the days ofits universa) prevalence to its po 
‘adic survivals in our midst. ‘This tendency, when it persists 
in a sophisticated culture, 56 called unicicatific or mipersi- 
tows Until che emancipation from primitive mentally wat 
fairly 00 the way, beliet worthy of tbe mame of science 
‘ould hardly develop. Beliefs formed in the same temper and 
under mech che tsme outlook continued even among savancs 
‘until the scientifc tenaimance af che early seventeenth cen- 
tury, Carrent popular mentality sill bears the imprea of 
ce ancestral primitive mind: the folk-mind flows congenially 
with the ancient stream. The doctrinal mind, while yet 
afiected by naive premises, wrought its way 10 more dis 
Gplined thinking. 

"That a learned science cam be founded on primitive or 
sumptions xppezrs in the iavalunble illustration of the heroic 
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error of aserology. The primitive pevsomal intrusion is the 
intrepretation of comnic events a portents and heralds of 
‘homan fate. The seody of the heavens with this intent de- 
‘eloped attrology, Iz requited che study of the celestial posi- 
tions and movements for ioueen in thelr Iawd alone 00 
sweablidh svroaomy. Not ooly motive but the leet of logical 
‘method shapes inquizy; the beliefs of astrology proceed 00 
the folktore level, elaborated by learned doctrine; the oon- 
lusious of arrooomy are framed—with whatever meuure 
of error and imperfectioo—on the scientific level of inves 
shes 

‘The simple portent stage falls well within the cotoprehen- 
sion of the primitive mind. As disturbances of the regular 
order of events, eclipses were regarded by untutored minds 
as foreboding evil. They accounted for the eclipse realuni- 
cally as a monster biting a slice out of the moon or aun. 
Belief led to practice: alarmed, men made bideous noises to 
frighten the intruder away. If they sought confirmation, they 
onod it in the observasian thas in due course the menace 
withdrew aod the celestial orb resumed ite proper ap- 


pearance. 

Following a primitive ideology, extrology devised. am in- 
tricate mater of secaningly profound but logically baseless 
premises, By the accident of anigoing the names of certaio 
gods to certain plaoet, and by the further, equally arbitrary, 
sarignment of buman traits among Unese gods according © 
‘the eanoeu of sapthology, the plmetdeisies or deified planets, 
through analogies of relations in cbeit celestial postions, 
‘were astigned an influence upon the fates of men, all coo 
cencraved at the moment of birth. For long and unprofisble 
ages this yseudology sbacrbed a goodly share af intellectual 
‘occupation, and—yet more nrange’y—it mill survives amoug 
the untitored, oF aciong thote who take lighty their loyaley 
to wience ot tepudiate their heritage in reserved areas of 
their convictions. Error apd futility exabslmed give the ap- 
‘pearance of vigorous longevity. The horoscope remains ms 
the blueribbon exhihit oF the mise of intelligence. 
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‘Astrology proceeds in the temper of a total view of Nature 
and iu opemtions which prevailed Gough survival and 
revival up eo the advent of the modem era. Ax celestial 
‘Positions are mazes of observation out of reach of cout, 
{he central purpose of ascronomy was to interpret—to eollace 
sand aap movements and relzioos aod, in aitrology, to ia- 
terpret their influence oo the pewaal afaity of men. Al 
chemy and chemistry employ and manipulate experimental 
‘procedures, deal with tangible thiogs and workable processes, 
with the purpose of command aod control, The ilegitieacy 
cof alchemy lies only ia the dicection of that control toward 
a mpecifc human desire. Both sxrclogy and alchemy study 
with a predesignaced iotent, instead of inventgating 0 de- 
termine the laws of matier and procewes for that end alone 
“though ever with 2 view to application. Aldbemay and chew 
iy overlap; fo the coune of tis manipulations the al 
hemin accumulated much useful along with more ypurions 
foforemtion. Yer the alchemical mocive insidioualy sprevd 
Ju faliiyiog influence over the investiture and 

of the boratory: if vtiated the semper of foquiry, mir 
directed it even mote than it introduced errors of procedure 
and enoception. 

“The quest of alchemy was x formola to covert the baver 
smetals like lead into the nobler, more valitdl ones like ellver 
and gold. The philosophy of alchemy sumed elements and 
ewences and quintexences, distillations and tiocrures and 
“spirits” directing the fancifal procemes carried on in retorts 
and cucurbits and alemnbies. The appeal wad to an occult and 
smagic universe. 1t bas graduated beyond the nalve, primitive 
‘world of myth and fairytale, wherein a magic lamp ar x 
‘magic carpet or a magic word works wonders; it prooseds 
‘upon the more advanced notion that Nature bas her secrens, 
tat the vel may be rent as in a vision and the true eatence 
of being wand revealed. Hence the search for the “philos 
‘opher's stone,” which would serve at cost ax 4 potent al- 
chemical tanmmuter and a rejuvenating elixir, conferring 
‘wealth and youth and vigor by ons complete and muprecte 
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icacy. Alchemy became the dominant exprenion of the 
Tangicalanythical concept of Nature, continued in waver of 
recurrence in the exotcric pursuis of oocultists still chal 
enging the ways of science. 

‘As an isue of magical manipulation, exceeding ordinary 
Juuman powers and calling upon the supernormal, which the 
Church Interpeeted as the diabolical, there arose the dite 
tinction between the legitimate “white” and the forbidden. 
“lack” arta The Friar Bacoa and Dr. Fauseay legends tur 
‘ow this theme, The magicmpstic comoept of Nature and 

operations dominated thought even as it moved toward. 
‘the naturalistic view. It appear notably in the practice of 
carly medicine; alchemist and physician were often one, and 
both in part oocultina. 

‘The necromantic logic proceeded thus: “Here Is a plate 
cf lead on which is engraved the rymbol of a planet; and 
‘beside it a leaden Haak conuaining gal. I€T bow take » piece 
Of fine onyx marked with the mune piaoctaymbol and this 
ried cyprewebranch, and add to therm the okin of a make 
and the feather of an owt, you will need byt to look into one 
of the tables given you to find that T have only collected 
‘various things inthe elementary world which beara relation 
‘of mutual activity to Saturn, and if rightly combined can 
attract both the powers of that planet and of the angels with 
‘which it is connected.” Plainly there was a long road to 
‘travel for the oocultist to become a scientist—for Jong ag 
‘toed of compromise and confusion. 

‘That the same order of theory and practice continued veell 
‘along into the days of sientifc advance appears in the career 
of Jerome Cardan (1509-1976), who adbered to a mange 
mixture of valid knowledge acd gros euperuition. Mathe- 
‘tmatieian and physician and naturalist, Carden wat inde. 
pendent enough 10 protest against the alavith following of 
authority and to emphasize the importance of observation. 
‘Yet he was so credolous that every howling dog wat an 
cen; that he heard mormars io Bis ear when othera were 
speaking of him: that he axw ox bis finger ant iaage of a 
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‘Moody sword when his som was arested for munier, which 
disappeared when the son wat executed. When be explained 
that be was fomd of river crabs because his motber, while 
carrying him, ate raany of them, he wes giving learned sanc- 
{Gon to popular exror. When he treated his potiatts oo the 
theory of heat and cold and the four temperaments, he wet 
following the curent heritage; in purging the brain by 
anointing the coronal suture with ship's tar and honey, of 
prescribing a dict of tamtise soup, distilled wails, harley. 
water, and assed milk, be vas following 2 boxdgepodge of 
theory, analogy, and fancy-the notion being that euails and 
‘tortoises, a cold and torpid creacutes, wonld reduce bot, 
active fever. Consider that picture of an eminent savant. 
Dhysiclan and the innowledge and praclees of his auccesare 
(Of Ubree centuries later-the laboratoriex, cinical facttles, 
and, most of al, the concepts of the processes of health and 
diseaseand the nory of science appenrt in ite dominant plot, 
the elimination of error. 

‘That primitive concepts survive even under fairly ad- 
‘vanced conditions of learning appeara in the surviva) of the 
Principle of sympathy and sympathetic magic as advocated 
‘by Giambattista dela Porta (0549-1617), like Cardan a 
leader 19 well a5 misleader of the science of his day. “There 
is a deadly hatred bereeen the colewort and the vine. The 
vine wich ite tendrila clings to everything cle, but shuns 
colewort as if told that her enemy were at hand’ 
‘possenion vitiates observation: “If colewort is seething in 
the pot and you put ever so little vine into i, it will neither 
Dail nor Reep itt color.” 

‘Sympathetic cures dominate primitive medicine, continue 
through medieval presriptions—aotably and cautiously in 
‘Sexson remedies-and appear io Renaismance days in the cele- 
‘brated “ponder of sympathy” of Sic Keneim Digby (1640). 
‘This power or salve was to be applied to the weapon chat 
inficted the wound, whereupon the wound would bel. 
‘Chara and apella were compounded upon the mme com 
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cept, io which a remote and figurative relation was brought 
into the cateyury of cause and efect* 

Both primitive and developed medicine held that eating 
the heart of a Lon would give courage, while partaking of 
eet would induce timidity, though it might by the same 
influence confer swiftnest in ight. In the claeic treatment, 
from Empedocies to Lacretius, the qualities of attraction 
and repulsion appear in more abstract formu, serving at once 
a philovophical concepa metapborized ms love-forces and. 
Tareforoes, operating even among atoms. It requires 4 fut- 
ther step in objectivation to reach a plyticel conoept of rae 
and effect. Such was the muddled mixture of supermitlons, 
‘of folklore, and of doctrinal ervons that Sourished before 
‘the great modern awakening, for which Harvey's discovery 
cf the croalation of ce blood (261g) may be accepted ws 
critical date. From then on, the scientific profesion, mainly 
‘through the emphasis wpon observation, moved away from 
speculative and fanciful explanation, PreHarveian and post- 
arveian science assume different positions; it in such sbifte 
in the intellectual temper, such advances in the uses of 
sind, that mark the decisive stages in the elimination of 
error. 

"The sory of human error follows the objective tral! of 
the development of knowledge and the suoceuive views of 
the “nature of things” in the chief divisions of learning: it 





follows the subjective trail of the trends in huzmn thinking 
that lead astray. The scientific habit of mind bas 1 long 
and varied sxroggle with poychological trends io beliet and 
‘with rival methods of reaching opinion. In consequence, 
‘the sory of science aa a patwnit of knowledge apd solutions 
ita ancient 25 reflection: but that of the establishment of 
the wientlic method onder the dymuty that now reigns is 
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short and recent, Yet in the antecedents, a ia the cours of 
‘human invention, all dhe fundamenal sages appear. The 
Towic inventions of the lever, the screw, the rudder, the 
‘wheel, che oa, the spear, the arrow, the bammer, the scraper, 
the drill, fre by friction, and scores of others were all made 
in prebistoric daye—with vast improvements and a store of 
‘eatirely novel priociple cootribated sioce. Similarly, the 
fundamental logical procewes were seosed and practised in 
early refection, The story of error icevitably coopbusaes 
‘eorlencies that were in their prime when science was you 
‘yet they have their counterparts itll. Modem erroes sppeat 
in a closer, more detaited perspective: iu the historical per 
spective we look upon what is near with a magnified interert, 
which appears in the chapters om the varlous sciences that 
follow. The present exay artempis to supply for them 2 
‘broader background. 

‘The vicisitudes of belief share with all mundane affine 
the subjection to circumstance. The comme of discumion ix 
‘not completely free; knowiedge docs not proceed untram- 
imeled. The laboratory isa late comer on the buman scene: 
the sorpter, the battleGeld, the arema, the mob, tribunals 
for heresy, the make, are far older a1 moulding instruments 
of belief, and mote direct and elfecive. The powers that be 
acquire u verted interest in the acceptance of belief and 
establish rigorous cesanhip. The berolock for Socrates, 
aarryrdom fat Giordano Bruno, forced concealment of hit 
iscoverles for Copernicus, forced tecantatlon for Gallleo, 
ppetuccution, ostracism for x kang line of victims of authority, 
‘Whether of Church, Seat, or School! Still further, che battle 
for truth encouncers prejudice, popwlar raisanderstanding, 
‘and the pervistence of tradition. Inogvation in ideas has as 
thorny a road to travel as has poncoaforsaty in conduct Few 
‘weighty topics of reflection remain beyond the infiuence of 
the temporal interests. Science has had to resort to the 
Yorked cell and the secrecy of a sunpected guild: academic 











‘The several chapters of this book touch upon the dra- 
vontic incidents io this long-endaring and sill active conict. 
Ii requires no more specif reference. Interpreted io terms 
cof motive, there emerges a = basis of the coaflict the main 
tenance of the dignity of man. Ar the bere insigcnot of 
dogma and authority, there is Jcde arresting in the tale of 
{ntolerance. Thus was the world created: such is man's place 
‘in creation; this is man’s proper career and destiny. If sci- 
cence concludes otherwise, it must be prepared to meet the 
‘opperition of the Charch or ovher conaituted authority. It 
the 1ame order of conilict at obcined or til obtaion 
‘within opposing fathe; ts dimnal records appear in. perecu 
tons for heresy inthe antes of witchcraft, in denunciations 
‘af evolution and the proscription by leginiatures of its teach 
ing in the school 

‘The dominion of dogma and the sway of authority prevail 
rot slone by the exercise of camatituted power; they exist by 
‘virtue of theit peychological function in setting ching and 
ff their social fonction of uniting vant molitudes in a 
common faith. Logically, settling things by authority is just 
a false method of arriving at conclusions: its practical utility 
and psychological satisfyingness override this objection. 
Creeds, goapels rexts are safe and sable assored props of 
faith and secure conviction. Doubt is uneary and trouble: 
some; security is equally 2 biological and a peychological 











indolence and inenia favor the rule of authority. The si 
entific ideal i inevicdbly a late arrival in che cultural 
complex. 

By the same peychology arises hero-worship; appreciation 
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turns ¢o veneration and aanumes thet genius can never go 
‘wrong. Once accepted us authoritative by Church ot hy 
science iuell, the word of an Aritotle or 1 Galen becomes 
Juv, end the criterion of truth that of agreement with de 
ica of che master. The deference to authority, at well ax 
the absorption in dialectic, becomes a habit of mind, de- 
facing inquiry. ‘The Dark Ages were uch by mental babit 
even more than by neglect of learning: they were unpro- 
‘gremive and obstructive through the purmuit of false patterns 
‘of reason. The lack, not of good minds, but of good methods 
acconnts for the stagnation. The method of wience has 
potent rivals in the fixation of belie 

‘The ictravion of Charcheponsared moralinic and dog: 
matic docsrine appears sliently in the aoSlogical realm, It 
‘was held that originally, in the state of Paradise, tion and 
lamb Lay down together; spiden: were harmles as 
“nooe anrempted to devour or in any wise burt ene another” 
(Saint Angustine) . The “Serce and poisanous animal were 
created far terrifying man in oder that he might be made 
aware of the final punishment of Hell” (Venerable Bede). 
“Before Adaus sin there was no death and therefore neither 
ferocity nor venor" (John Wesley). The serpent was then 
degraded to go upon it belly. having previoudly no “ser 
peotive form” (Richard Watson, a contemporey of Wet 
ey). Saint Augustine classed animale a» useful, hurtful, 
‘or mperfluons-the but noe necessry to human service, yet 
‘completing the design of Nature. Luther removed fies from 
the auperfloaus to che paxiogs clam, ax they were sent by 
the Devil oo vex hium in bis meditatioos. A naturalistic view 
bbad vo contend with prepossesions thus derived, 

Other menta! attiodes, mainly geoeral creiulity lent credi- 
Diligy to much interpretations. The wandard moblogy was itself 
‘fusion of sound observation and imaginative, dramatically 
‘conceived creations without benefit of fact. The remalt was 
1 fabulous soélogy, Likewise moralised. It appears in the 
Tbestany called Physologus which enjoyed great popularity 
in the Middle Ages and beyond. ‘The factual and the fabled 
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comorted amicably. Combinatians af lion, gorgons, al 
smandery, centaur, unicorns, mermaids, were al! accepuble. 
‘A doctrinal intrusion was the anatomical deduction that 
since Eve was formed of one of Adam's ribs, zn should 
Jhave one les rib chan women. The report of Vesalius from 
‘cual disectlon that ren and women had the sme num- 
Der of ribs war srungly resented. For the most part, dogma 
auod verifeation bad no contact. When the theologian gave 
Thiomelf full sway, even as late as the eighteenth ceatuty, it 
‘was laid down, a8 by Dr. John Lightfoot, Vice Chancellor of 
‘Cambridge, that “of clean sors of bears there were seven of 
every kind created, three couples for breeding and the odd 
cone for Adam's sacrifice om bis fall, which God foresaw.” 
Dogma, authority, congenial cay, were all doser to the 
‘mental babie than rigid observation and grubby fact, 

Tt-was not this or another gtoup of specific doctrines that 
obttracted science; it was the habit of mind Usat prevailed 
in learning geoeratly, which spread its influence over the 
‘ways of science. Such wat the composite scholastic trend— 
in genera, a forakiog of reality and a substitute for it of 
concepts, dogma, verbalisms, and dialecica. Over it all was 
the authority of the Church, caimaiog dominion aver sect- 
lar knowledge and developing within the theological reat 
the niceties of dispatation eheoreticatly, and practically the 
‘cereconials of ritual and symbolical interpretation. This 
triverml pattera of intelectual occupation wax oot Limited 
to the Chritian tradition: it hed its earlier coumterpart and 
‘ontinnows paral in rabbinical Jearaing. Nor wa it lined 
to theological and ethical controversy, though there it found 
4s taowt intensive expression. It was not alone that science 
Ibad to contend againar the pronouncements of ecclesiartical 
authority; the logic of science had to make ita way against 
the differently tempered methods und ideal of learning fot- 
ered by the long-prevalent absorption io theology. All cis 
left its amp upon the procesion of ideas, The Baconian 
‘eforeaatiom was 2 formulation of a wholly different ideal of 
Jearning and of the direction of the intellectual purmait. 
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‘The present peoject brings into relief the weudy of ertor 
2 ao integral anpert of the history of science io one bexring, 
sand in anether o4.an embodiment of logical and paycbologh 
cat trends in the search for trath; it may be regarded at a 
[Broject in “errorology”—if « hybrid term may be pardoned. 
‘Actennpes ut uch study appeared ws Joog, ago as Roger Bacon. 
(c. #14-1894) , wto called these misleading tendencies ofen- 
dicuta, ox impedimencs of thought? He recognised four soch 
chtacica to inquiry: the overweight of authority, the alavery 
to custom, the dominance of popular opinion, and the con- 
cealuient of ignorance by precemec of ksromledge. Thirteenth: 
century perchology aod mental habit seem remarkably like 
those of the twentieth century. 

Far better known are the four idotr of Francis Bason 
(1361-1626), which are derived from shrewd observation of 
the thinking babits of both scholars and laymen. Baoon op- 
‘posed strongly the heavy hand of tradition and commented 
(on the “vanity” of some “moderns” of hit time ta “attempt 
( found a system of natural philosophy on the fist chapter 
of Genens.” Though Macaulay's charge may bold, uxt Racoo 
‘wrote of science like a Lord Chancellor and preached better 
dun be practised, he most be given credit for an order, 
if at times cavalier, recognition of the profitable procedures 
Of science, 

Bacno's initial idol of the Tribe covers popular foibles in 
the thinkiog proces—primarily the insistence that Nature is 
as the buman miod would have it—but also embraces snc 
‘common fallacies ax selecting favorable instances and rathly 
generalizing. “The huran understanding is like 4 false mir- 
os, which teceiving rays irregularly, distorts and discolora 
che nature of thiogs by mingling its own nature with it" 
‘That is wound peychology for all time. The idol af the 
Gave or Den in that of the individual cart and limitation 


1 have oe thls please and Eamred in aope wu seferoc 10 out 
ova vandarm of tasking ta Menage You Mind how Yoo eth 








THE PROCESSION OF IDEAS 4 
‘f oatlook, making men non-undentanding and intolerant 
of others’ ways. It isthe persoual or clas idol of prejudice 
and bigotry. Te ida! of the Forum or MarketPlace resug- 
‘ars that opinions operate socially, as “it is by discoume 
‘that men ance.” The undue deference to public opinion 
in our prgaatic days, the idol of the band-wagon and 
the box-olfiee—belongs kere, as also the confusing effect of 
the “counters of thought” (words). at confusing today es 
in Bacon's time. The idot of the Theater—which is both 
age and platlore—Is parsicuarly directed 10 the cooten- 
dons of the scholasic contingent. Jt applies tw doctriogt 
fostered by authoricy, tradition, vested iatereats, and to false 
notions introduced by “wotlis af their own creation alter 
40 unreal and scenic fashion.” The bulk of mcholastic and 
eclesastical doctrine was 10 much conceptual and verbal 
seenery and acreenery—a windmill venion of reality against 
‘which doughty academic knights tihed: though otherwise 
sceoutred, they also survive. 

in modernisiog the idolt, ahaping thems more closely oo 
‘ele gaychological ocigis, I have nuggested a group of ree 
subjective and thece objective idols Fire there aze the 
idol of the Self, the projection of the subjective upon Na- 
ture; of the Thrti, the favoring of the dramatic and roman- 
tic; of the Web, the spinning of imaginative data* These 
spring directly from Poyche's realm. Io the setting-in that 
elie in socal, insitationalaffeir—there are the idols of the 
‘Mass, che undue defezeoce to popular opinion; of the Mold, 
‘the restriction to one’s own clawcast of mind apd outlook: 
‘af the Cult, bondage to dogma and ‘isme. These are result- 
‘ants of the milieu of opinion. Impediments or inexpertnest 
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in the thinking proces: and errors in scientific exploration 
‘derive from the ame habits of mind; they hark back to the 
‘ame traits in homan peychology that dewact from vaan's 
‘qualifications a8 2 logician. The scientist is also affecied 
strongly by his human liabilities, f to ecr is traman, the 
redempton from error is no lew a privilege of man's estate. 


Scienoe moves ou in parallel columns of advance, Setting 
the line of march is the more rightly oriented, mote crit- 
cally analyued concept. These arc ever wider autveys of fact, 
‘etter organized knowledge, directed by more refined, im- 
‘proved raethods of inquiry. Hence the inclusion in the pres 
fect emay of an account of logical procedure; for errors in 
logic are as tignificant as those in fact. 

"The logic of science, mo lea than science itself, is a prod- 
toct of master minds, Like the content of ecience, command 
of method grove by experience end then yields to formuls- 
on, Te bas Been esocitely stated By the mmuter mind of 
Chusles $, Peirce There ate three major omer of infer- 
‘ence, inference including all varieties of seeps from premises 
10 conclusion. Each has its distinctive formula and service. 
Prompted by curiosity, knowledge begins with the results 
‘of obsermation. Gathering is always selection: what one ob- 
served reflects the total mental habit, determines both content 
‘and conclusion. The persomal equation permeates thinking 
lor better or for warse. 

‘When thinking is on explanation bent, i frames a guest 
oF theory, in logic called Aypothesis. When thinking aims 
to discover the rules uoder which thiags bappens, it gen- 
rales, and that is induction; when thinkiog applies what 
rules have been found, the step is deduction, Tt is all in the 
secvite of getting order and undertanding of the world and 
sdjusting to i. 





‘Gari & Pete, Chane, Lene and Lape, etc by Mrs B. Osten 
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araxanion 
Logic sets forth the several steps and types of procedure, 
TET begin with results (of observation or experiment) and 
know (ar muspect) the rule, I infer a case; an krypothesi in 
‘my canctosion. An Bypothesis may be anything froma a goes 
even a wild ooe—to a highly organized, technically stated 
theory. Myths are imaginative explanatices; Kipling’s Just 
So Stones, explaining how the elephant got his trunk, o€ the 
Dakota legend accounting for the short whiteunderneath 
tail of the deer, are poetic versions of what in form is an 
explanation. 
‘Ap apt instance of an hypothesis is a diagnosis, The phy 
siclan noten symptonas (what be potes depends om his schoo! 
ing); be knows that clinical experience bas ettablished such 
fa disorder as typhoid fever; on these premises be diagnoses 
bis patient as a case of typboid. That is the framework of 
fis procedure. Other syeaptoms would lead to a diagnosis 
(hypothesis) of paeumonia or tumor. Working under other 
rules, determined by genera} concepts of the ways of Nature 
and that is ever the vital consideration—his remote 
cemors, making no sharp distinations, concluded that dis- 
cease was a purishment for the patient's neglect of mcrce 
‘to the gods. Or they, like the children of today, by a naive 
bypatheais explaaned a bliner on the tongue ai a case of tell- 
ing a lie. To sccount for it as a case of slight infection 
‘through germs is x scieotie explanation in a highly ad- 
‘vanced stage of knowledge. These twa hypotheses art logical 
Teague apart, as contramted as the ox cart and the automobile 
the procenion of invention. Ye in bare logical procedure 
hey we slike, They ate both ventures in determining cause 
and effect; that in turn implies a general philowophy of the 
ature of thi 
From primitive peoples tothe tribe of Eizuteina, Milikans, 
and Jeans, minds are on explanation bent. The status of 
explanation, the logical level of the thought of the explainer, 
smurk its place in the proceaion of ideas. Of that the bare 
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frm of the logical pattem eels nothing: but wo the mudent 
of sient progres and ita deviations in err, the grade of 
the explanation forms the aub of the tle. How the several 
acicuces develop and employ hypotheses is 100 long 4 rary 
for summary bere; it will appear in the contributions that 





follow, The initial wep mars with 1 jact or a group of ob- 
servations; these auguest a theory of explanation, and that 
in turn is veriGied by « further fact or consequences of the 
hypothesis; this second step is deductwe. 3t muy be elhen 
yy way af werifcation or in application of the theory. Hy 
pocheripmaking is running ahead in the course of solution 





‘A complex set of observations led Paneur to the conjec- 
ture that a germ was responsible for supparation: the deéuc- 
tom followed that if a wound were kept scrupuloualy clean, 
it would heal without the formation of put This was only 
fone section of the evidence that led to the comprebersive 
germ theory of disease, in tora applied and conSrmed. The 
formacion of hypotheses and their testing often fail far short 
of this idea) procedure. In. many investigations an approxi- 
‘mation to it mam be accepted. 

Logical procedure is shaped by the meanure of contro! 
of the data. Most controllable, and thus sabject to experi+ 
ment, are such of the proceses of physical and chemical 
action as may be brooght into the laboratory. The range 
of experimentation with Iiviog onganisamy—from microbe t0 
man—tas advanced prodigioaily ia moder techniques; the 
eablishment of Paneur's hypothetis depended upon it. A 
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procedure, is geology. ‘The story of the formation of tbe 
earth can be only kypochetically reconstructed. The hypoth 
sea of the aerial geological epochs and of the suscemive 
facial periods are founded upeo and verified by wide ranges 
ff observation of their annals in wane; but very Kile way 
bbe obterved in operation. The nebular hypothesis is of 
the tame order. The timeelock cannot be act back; but 50 
‘confident {a geology of the chronology thas hypothetically 
‘onstructed that it is applied ta certify the age of busin 
remains. The earlier hypotheses formed ta explain fowls 
ranged from chunderstones to tryouts of the Creator, 00 
thells dropped by retorning Crusaders, ta vestiges of cre: 

jon. In a scientifc hypothesis fosrls are stages through 
scons of time of biological developraent, in a series with 
living forms and embryological stages of growth. They 
support the theory ef evolution, which in ity cumulative 
strength ia wo firmly exablisbed that itis the masterkey of 
ialogy. 

‘Without the use of hypotheses science would be lame, 
‘halt, and blind, and knowledge only empirical. We should 
bbe collecting ioformacion, observing effects or benefits, But 
without insight into their modus operends, Under the guid- 
ance of fale hypotheses we way follow wroog. paths and 
amiss opportunities, A critical wos of value in theoricy, ant 
ingenuity in proving them right or wrong, is the qaalicy of 
the high grade scientibe mind. 





(GENERALIZATION 
‘When from his tack of otvervations the observer notes 
wherein specimens agree, he attempts a generalization and 
discovers a rule (induction). By repeated observations of 
jinomances he may reach the valid rale that Scandinavians are 
(generally) faicchaired. If he happened to Loow = few Scan- 
Ginavians who proved untrustworthy aod on this basis 
should conclude that all (or moat) of that race, or that tow: 
headed penons generally, potecaed chat undesirable quality, 
he would be generalizing, but generalising mahly. Many 
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prejudices are rash gencratization, But gencralite we do 
and must, constantly arciving at roica which bold more or 
Jess: once baving the interest of belief in this rule oe that, 
‘or commined t it, we note conformitice aud ignore cx. 
ceptions. Mort roles, which are also known ax ‘om or frin- 
ciples, are oot absolute or universal, not unitormiies but 
prepondcrant regularicies: reduend 1 measurement or rn 
‘merasion, they yield statubeal generalisations, serving sci- 
‘eific conclusions, 

‘Aa with all factory of logical thought, itis che Tevel and 
weep, the scope and importance of generalimtioos that fx 
their place, To bring apparently uarelated obsereasions 
under one iochuive generalization isa scientific achievement. 
‘When Newton brought the fall of the apple and the fortes 
that bold the celewial bodies io their orbits under one great 
Jaw, he achieved a mighty generalization, completely aut of 
reach of an ordinary rind. An bypothesis it x proposition; 
to establish and strengthen it requires verification by way of 
deduction. To investigation, is. attempting the solotions of 
problems, in penetrating a sage beyond the frontiers of xi- 
‘ence, explaining, generalizing, applying, go hand io hand. 

‘The supreme teavary of acience is the koowledge of 
Nature's ws her tables of myriad commundenerta, They 
are formulated as generalizations, products of the skills of 
amicd in induction, Without rale all would be chaot and 
the mind stand in bewilderment. Law and order find their 
‘reflection in human affairs 








Arrucanion 

‘As experience accumulates, the individual and the race 
‘puher 2 considerable collection of cases and rules; tat 
‘composes the mental equipment which is applied both to 
imerpret and to produce resus. Similarly occupied, though 
far lew reBeccvely, ia child playing with Blocks when i 
isconert che Tule of gravity and the rule of balance, and 
the cates under them, and fnuids accordingly. Wien once 
wwe have learned 2 great oumber of rules, the problem at 
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suites its typical form: namely, which role applies to which 
case, What sets of rules and cases we carry i) mind, and 
hhow and when we apply them (which implies that we are 
alert enough to think of their application when needed) , 
that composite mental quality stamps our logical capacity. 
‘To poses knowledge and a fair logical equipment is one 
qualScation; to use it rightly is another. 

‘Applications may be momentous, as chat of che clectro- 
magnetic principle (Faraday) wo the construction of motors 
cr, in other and independent varistions, to the telegraph, 
aod the telephone. The logic of application stands forth 25 
clearly ia simpler instances as in momentous ones which 
by virtue of their consequence are the more dramatic James 
‘Watt war far from the fist to observe that steam ‘coud 
ifthe tid fro a kettle; he is notable for applying the idee 
and harneming the power. The coocept of eleczic power 
generated a giant among inventions The ory of applied 
selence—engincering io alt its branches-bilr ouuide the 
scope of this enterprise, though it is plain that the story of 
scientific thought is reflected in the procesion of inventions, 
Tnvention iMluitrates the logical procedure of applicacian. 
‘Applicational projects follow rapidly upon the discovery 
(of a new principle and may develop, as in the use of the 
Gy fo surgery, in unexpecred directions. 

Such i one great employment that Keeps maty sninds 
‘Wusy. Anather arises ia x converse situation which we call x 
froblem. The solution of » problem by fisting the right 
rinciple—or the moxt effective, convenient, or economical 
fone-to the sicuation at band is an equally common oper- 
ation illurtrating the logic of apphcstion. Ax 2 slight én- 
stance, aarume that my problem is to attach book to an 
cenameled-iron surface. 1 know that this is not a proper case 
tor driving 2 nail (impouble) or drilling for bolt or screw 
(Gnconvenient) ; 1 ink, and recall the principle of auction. 
‘This ia « case for thet principle. ¥ apply it by fixing the 
‘hook in place by means of a rubber cup in which it is set 
‘Or agaio, there isthe Egypeian problemstory of the placing 
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9f the huge, heavy obeliss on their stone pedestals, When 
bolwed by means of a derrick as high a1 it would go. the 
obelisk sill nung below the level of the base. Then aoese- 
‘oor shouted, “Wer the ropes!” The toinure shrank the 
ropes, and the obelisk was evung ioso place. 

Familiar though it be, it may be well to iustrate the 
logical relation of pritciples co inventions. The principle 
underlyiog the motian-picrure is typicalthe stroboscopic 
principle. It reads that when the eye 1s gwen 9 property 
sequenced series of momentary giverpias of an object (oF 
Ms picture) with proper mterruptions to prevent fusion of 
afteramages, the eye will compuse thee rapid and related 
alimpses into the appearence of s moving obyect. For that 
in actually how the tind bebind the eye wees (infers) move. 
‘ment ‘The first srobowcope, called a zoetrope, later Aimeio- 
scope, was a circular hat-box of cardboard with ait in tbe 
‘vertical tides und a strip of appropriate drawings oo the in- 
Aide of dhe box, which were seen through tbe alts, a4 che 
‘box was rotated on its axis. From that simple toy of our 
Grandfathers han aprung this indispensable saindstration to 
knowledge aod pleasure, and the investment of billions of 
dollars, Every iraprovement depended upon further prin: 
ciples, uch as those involved in recording sound and syn- 
chrooizing eye and ear. 

‘A far lest momentous but equally inuructive example, 
Aeriving likewise from the we ofthe eyes, is the stereatcopc 
principle, which a cenemry ago led Sit Charles Wheatswape 
tm devise a stereascope, in its present form impraved by 
Si David Brewster and Dr. Oliver Wendell Holmes, This 
princrple reads that en impression of depth, ot the thicd 
dimension, results from giving each eye ils own view of en 
object and a coxvensent means of combining the toa retrnal 
images. Ie may be as truly tld of the iovention of the inxru- 
sent that I¢ was a proof of this principle ns that the prén- 
ciple fed to its application in the imerument. The hittaric 
fact seems to be that there wat 00 intention to invent 2 
deptheceing apparatus (15 there was to record movement), 
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Tout to determine on what basin we soe objects as solide. 
‘The principle has again became important in Xeray stereo. 
scopic photographs, which enable the surgeon. to locate a 
fracture or forcign object in the body in its depth from 
the murface, 

‘The logical procedure is simply formulated, but the sonpe 
of it application in indefinitely varied: each in the logic of 
application in science. Pare science pumued for the insight 
into principles and operations has led to even more momen 
twos advances than the direc search for applications 





Practical appliances are not the only examples of dedue- 
tive weps. In the history of thought another deductive 
process plays 2 prominent pare, chat of deducing funher 
‘consequences from laws (eules) or facts (cerult) already 
reached. ‘This type of deduction is the muinstay of dup 
Splines that frame their own premise, such as taathematical 
opasitions, which end typically with « QED. Deduction 
4s then bringung out explicitly conclanoas contained lay 
plicitly in the premira, The general formula reads: If A, 
then B, and if B, then C, and 10 on io equation upon equa- 
ion. Reduced to elementary form, deducvon concludes that 
if John is taller than Jaraea, and Jasaes it tale than Julius, 
Jon is aller than Juliusmhich is a vabd though mot very 
Yeoculent inference. But 10 complex are the implications 
‘of “propositions” in geometry, trigonometry, algebra, oF 
calculus that the development of these instruments of sci- 
entific method becomes an elborate technique. Relations 
age reduced to abstractions in terms of which equations are 
twlved and the solutions retransformed into practice; thus 
are bridges built with the wreses in each member nccurately 
caleulared. 

‘Te principles involved may be formulated abstractly in 
‘equations or derived empirically. One can draw an. ellipse 
by uring a loop of string longer than the disance berween 
two Ged pios over which it is placed, and describing the 
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curve with a moving pencil he'd ut agsinat the wring, 
‘hich forms « eriangle with the two pins This device may 
come fast and the equation of the ellipae be deduced there- 
from; of the equation may be fit determined and a device 
invented to embody it. Empirical knowledge—role of thumbs 
—untedaces abstract knowledge—rule of bead. ‘There are 
enday calculating machines for all sorts of purpotes—cash- 
‘egitters, dliderules, maltipiecorelstion caleulstors, saving 
‘bot physical hut mental (logical) labor. 
‘Mathematics, the “queen of the sciences,” ia not in the 
naturale, descripeive sense a scieoce at all, but the sov- 
cexeign method of wience, so far as it ia applicable. The rela 
tions of factors invalved ia the phenomena of the exact 
sciences-and in the inexact or variable realms as well-are 
410 complex that the quantiative techaique of measurement 
and the romlting equations form the iodispenmble calculus 





rived, is tribute to the importance of method: mathema- 
‘ieims are apecialins in the development of methods of 
Jundltag quantiative relations icvolved in aelentific pur 
soit 
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this at once. Ceneurles Inter the brilliant verification of 
am bypothevis tmed upon elahomte calculations resalted in 
the discovery of Nepcone—predicted independently bry two 
muthematicans, Withoot the technique of mathematica the 
fuman mind could not bandle the relationa involved in 
counic movement, or in physical, mechanical action, or in 
onstruction. Mathematics adds many a cubit to the «ature 
of science. Jt create: a quantitative world, which not only 
is represented by Bureaus of Standards, but lies at the bas 
(of recipes and formulae in science generally. It is 

‘wa anciently auumed, that the cosmos it mathematical 
for that God gromertizes, but vhar the human mind hat 
wequired a mathematical form of apprehension. 





Jn the educational realm, the central place of deductive 
discipline was for centuries occupied by formal logic, ruled 
by the syllogisen. Inaugurated by Aristotle, it developed in 
scholastic dialectic as the daily diet of student minds; it 
{oct its hold only wich the reinstatement of induczive logic 
Iyy John Stuart Mill (1806-183), 2 ploneer in the audy 
0f the Jogic of wiencr. Seudents’ minds wete dred in log 
fal squirrelcages in converting milogise “Sgures” and 
“‘oods"—an exercise even lem micful than crossword 
puzzles 

‘The xandard (and boresome) deductions of the logical 
teat read: “All men are mortal. Socrates is man; bence 
Socrates is mortal.” Or, as applied! to younell: You will go 
the way of al flesh, and may wisely prepare for it by making 
2 will_aod hardly require « syllogism as 2 reminder, Bot 
to useful an application did not enter the scholastic borizon: 
the mudent was supposed to be contented with the thrill of 
recording that Socrates was cortal, and of recogniring by 
virtue of what order of spllogism be became to. The supreme 
virtues of logic re not anailed by itn ready minuses If 
‘minds are go trained ar tradition is 30 tet that minds prefer 
the eawdust to the Inmber of which mefal structures may 
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be buik, that is no proof of the worchlesenes of architee- 
‘tare. The logical architecture of scieoce, properly conceived, 
remains i glory. 

Tt was a profound ervor, at least a barren misdirection 
cof intelleceual acumen, thet vet generations of mudrats to 
sharpen theit wits on deductive ssbiletien out af relation 
to the vita! problems of Nature's rich onivene. By a similar 
confusion they substituted grammar for literature; the mu 
dent was taught to pane instead of to interpret. It is unfor- 
tumate that scholastic deductive logic came to be regarded 

the model o€ logical procedure. An appreciation of the 
indispenaability of logle in scfeotifc purmsits, abd a4 x eri- 
terion of vatid results, bas arrived only within our own, of 
at best the preceding, generation: itis will most inadequately 
diseminased. The greater proportion of current errors 
Sncluding those in economics and politicresult from a 
‘weak sense of the logic of evidence. The error ia peculiarly 
Aimstrous in the humanized sciences peychology, anthro- 
‘ology, sociology—and in certaia phases of medicine, in 
‘which the data are not susceptible of exact formulation, but 
ave no leas subject to the sxme logical domzinion. It in the 
hhope of modem ideals to being to the knowledge of human. 
relations the bencfits of scientific thinking. 





From another approach, the generic logical problem in # 
‘world sa bewilderingly full of numbers of thing io to trace 
in mazes within maze the coomections of came and effect. 
In that purmit, as already indicated, the general notion of 
fhow causes and effects are related determines the enterprise; 
‘it may proceed in the manner of philosophy or theology, 
‘myth, ot science. So long as such remote and fantastic canta. 
and-efiect relations 1 those connecting. planetary exmjunc- 
‘Som and human trata and fates were credited, any right 
‘elations of the conditions afleting human qualities were 
cexcladed: n0 progress only increased confasiod, could renilt 
from continued following of that false cine. 
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“The entire procenion of ideas takes it impren from the 
carrently entertained notions of cause and effec. Once com: 
amitted to a nauralistic eaxuology, and ever more extensively 
and intensively, the progrest of science wat atured. But 
jimves remain: the general conerovenry between waterialem 
and idealism, the specific controveny between vitalinm and 
mechanism in biology, are conficts of view in regard to the 
spheres of causation that may legitimately be ealed upon 
in accounting for observed phenomena. Can mind be te- 
tuoed to matter, fa the sense that mental tice can be 
exprewed io terms of brain physiology? 

‘Anyone who could prepare a complete treatise oF give 
adequate rules for the carrect tracing of cxuse and effect 
in any one of the hundreds af problems engaging the bert 
‘minds of today would be a genius indeed. We are sur: 
rounded by effects and are working by ever more and mate 
refined methods to determine their canes; and other re 
searchers are trying ail manoer of agencies (canes), not at 
sandom ox by unregulated speculation ot weoture, but along, 
the clues of mscertained principles, to observe effects, ever 
‘with che goal that some of them aay prove mveful, and with 
confidence that increase of knowledge is x worthy purtuit— 
agin pot indiscriminately. 

"What is the cause of the tides; why the age tides of the 
Ruy of Fundy and the modest ones in New York Harbor? 
Hlow tar does heredity account for human differences, and 
hhow does heredity operate? What in the cause of dementia 
‘precox? What is the function of the frontal lobes of the 
‘brain? A thousand and ooe major and minor problems are 
under investigation, and in each che method of parvuit is a8 
characteristic a4 the solution reached. 

‘As an futance of the devising of rapplementary method 
tw detect mare presisely—and with applicabiliry to lew wan- 
ageable muterial—vhat “thing” ate related, and co what 
extent and regularity, the method of correlation may be 
ited. 10 this formula, an invariability of relation is indi- 
‘ated by 1.00; no relation at all, cr pure chance, by o: and 
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aan intermediate relation by some umber between. If the 
rule of relation for human beings were the taller the 
‘brighter, height would be positively and highly correlated 
with ioveligence; and if the rale read the taller the duller, 
negatively oo; if tallness and brighmness are tually unrelated, 
the correlation would be o. For many such relations formulae 
Iuve been elaborated and tested, and the degree of thelr 
‘reliability Likewise measured. 1 has been shown, for in- 
stance, that children resemble parents ms conely at they do 
theit brothers aod sisten, and that idcatical twina “corre: 
Ime” far more highly than sibliogs, While the mudy of 
relations fives no Snal clue to cauve and effect, it serves 
asa datum in that determination. The asodern scientist must 
‘be an adept in many methods. 

Paychology investigates and describes how the pryche in 
all iu phases works, including how the buman mind tends 
tw think Logic preseriber bow the mind should think co 
discover and interprer things a8 they are and thus to cantral 
their operation. There arr natural chough-pattersu. (peycho- 
logical} and acquired choughtpateros (logical). Profiting 
‘oy che Tenons of the past, we ahall noc repeat the scholastic 
error of rabstituting the form into which inferences can 
be fited for the operetions as they occur. That we an 
reduce inferences to syllogitic terms does not prove that in 
our thinking we spllogize. The great workers observed the 
rales of grammar, but grammar does pot make literature, 

Holding to a naturalistic interpretation, we turn to primi- 
tive and carly thought ro observe what thought patterns they 
ppteferably employ and how logic would clanify them. The 
prevalent early thought patocra proceeds by what logic calla 
danalogy-* Tt in the inference-afica loone and vague—of & 
further degree of resemblance from a noted resemblance, 
‘AL argument by analogy is weak at best and treacherous 


9 have promnted “The Natoml Masry of Analogy” ba an mmy Sort 
tn tact ood Peale Peyhagy (Bee. 
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‘bealdes; yet it is univerully employed. The doctrine af 
“rignatured” exemplifies it, and chat of correspondence in 
cccule thought Hkewise, When walnuts were prescribed for 
‘rain erouble because the hard shell is remotely Uke the 
skull and the soft and convolmed kernel again remotely 
resembles the bralo, the portern of such thinking is by 
analogy. The tandrake wat auigned bigh therapeutic quali- 
ties becruse it bifurcated roots remotely resembled the 
Timsan form, and the myth arove that ic ieued a moan 
‘when torn from the ground. The weaker of al) arguments 
logically is the mow prevalent pyichologically. Io. general 
type the argument by analogy is inductive; itis used ln acieo- 
tific thinking, if ar all, at a soggeative hint for inquiry. 
Analogy furnishes a neat iosance of the relations besween 
Prvchologica) and logical trends, 


aos mM TORY AND PRACTICE, 


‘There is an element of paradox in the advance of wience 
‘through logical epe in defance of the reminder thar one 
‘cannot by taking thought add x cubit to the mental sarure, 
‘the significant fat being that generatigos have done 90 pro- 
srewiveiy. The method thereot ia the point of ioterert. The 

jon brings to mind the argument to prove the impor 
ibility of building a tunnel: for the masoary is needed to 
‘support the vault ofthe excavation, and the excavation must 
be tande before the masoory can ‘be placed. In practice a 
Jength is excavated and a tection of muamoary placed, and 
then another length—it necemary, with tecaporary shoring. 
‘Tous theory—which is view and imight and a push ahead~ 
and practice-which is experience and connruction—com- 
promise and cofperate, and tbe munnel proceeds 10. com- 








spendeoce it reflected in the divericies of 
theorizers aod practitiones, the ope a 
in plan, diection, and deaga, the other in asembling 2! 
Placing brics of facie Bur the perae? fails in that & 
Ihave noe the uniformity of bricks, but arixe out of 
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fncerest and in a setting that gives a fringe of meantag to & 
‘oucleos of observation. For the very rxoguition and ute 
‘of a tact implica selection. Theory ives the summons. Tbe 
"dheory”-supgesivencss of a fact and the "fact"-suggeative- 
aacss of a theory enter into and compose the valuet of the 
logical carapaiga by which new tereitory is wan or the oon: 
quered arca more thoroughly explored. ‘Ths scence builds 
ity tunnels 

Exrorology includes the correction of errors that prevail 
in regard to logical procedure and the relations of fis com 
ponent, The precept firs to secure facts and then to frame 
‘theories is wise within its Kmitations, but it is too simple 
( cover the scope of the adventure in inquiry. 

a strange country who go a8 cilitary, economic, or ethnologi- 
fal observers in par select their facts, at they pack their 
‘kit. A aap of Bouedaries is in itself a mingling of geo 
faphieal and politcal alignments; a geological map has 
1 diflerent appearance from one of commercial products, 
Unprejudiced as the scientiéc observer should be, he is not 
‘landly neutral or a1 indifferently registering as 2 camera, 
He comes to bis survey with chart and compaas and tech- 
‘nique; and that includes a critical and disciplined view of 
the mature of fact and theory and their relations, as upplied 
10 the cerrain of exploration. 

Grows errors in the concept of “éacts” which ignore the 
setting of theory in which facts emerge or ignore that a 
belief im a theory may create the alleged facts, are found 
only in extreme instances. Trained minds, within the scope 
of their training. are immune to such misapprehension, 
though chey appear constantly io popular thought, Yet 














‘ecent distinguished physiologist, Charles Richer, argued in 
regard to 10 radical an ionovation as “ectoplasra" that the 
Proper procedure is to admit the “fact” of planmic emana- 
‘ions from human mediums and explain it as best we can. 
Hie iguored that he himaelé contributed che “plawnic" theory 





as 2 “spiritforce"—iuelf = wild, umcientiée bypothess— 
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fo accounted for as a fraudulent performance. Which is the 
fant? that is the itooe. The provenance of “acs” is a vital 
factor in their tatua “Fact” come thickly encrusted with 
theory. like the evidences (facts) of witeheralt, and decline 
Wwhen the sete of mind responsible for the theory lows ita 
Ahold. Or if thls seexm a farfetchett instance, fo parallel 
tury be found within the more exact domaia of physicn, 
‘The chemist Karl von Reichenbach announced the discovery 
(theory) of a totally new physical force. “Od” on the basis 
‘of “aces” which were actually the subjective impressions of 
‘neurotic subjects, though recorded with al) the (spurious) 
‘objectivity of a laboratory protocol. A right sense for fact 
ia indispensable to scientific pureulte 

‘When fact apd theory proceed it proper dependence and 
‘within the acredited rules of procedure, where sill rewains 
‘avuspicion of theory by the practical cainded and a charge of 
the futility of rere factaccemolation by advocates of theory. 
‘Theories without facts or based on uocritially selected facts 
are vaio, and facts without theoretical interpretation, bliod, 
“The appearance favors the facts When mater and dog go 
‘ut for a stroll, the dog runs abcad of the muster, aug. 
‘getting chat the master is Gollowing the dog: in reality, dhe 
dog is keen to any turn of the master, yet once itis taken, 
hhe goes along confidently, as though the route were of hit 
selection. Actually the dog is following the mauter. ‘Theory 
{in the broad sense—a vision of the larger planned procedure 
in the decinive step. 

‘There is a measure of rath im dhe dictuns that science 
{s organiced comwcon sense: but it is far traer that the or 
auization far exceeds the reach of common sense. Commao 
tente would pronounce the earth flat and ancept the vault 
(of the botizon at x reality. Conrectiog comtanon sense it the 
bbuvines of science: common seme is a sabiliting influence 
sn checking the extravagance: of theory, but is itetf respan- 
sible for errors past and present. 

Truly, there i vouchaated to the scientific mind 1 gift 
(of supernal tmanscenden: revelation of ancther order than 
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applies to the bumblest employment of reason. Science, like 
many & common and false solution, is gutmwork: bet the 
divinction of wience ls no Jes iDusrious, in that in turns 
upon the critical acumen by which « guem becomes a valid 
‘working hypothesis, 

‘However scientific the intent, bowever versed in know! 
fge, recurcetul in hypothesis, the explorer may be, if he 
laa the technique of logic and the sobriety of outlook 
‘that much adherence confers bis coume is precarious, This 
jodgmenc may be applied, with all resect, to the theories 
& Freud, which have so consequentially sflected current 
thought. Framed in the temper of acience, cheir geontine 
{nvlght cannot ofiset their extravagabee of theory and Inmpene 
‘ably weak sense of logic. 

Jn a1 moch at the theories of our predecemon proved 
variously defective and fallacious, to, it may be argued, are 
four guests no bettcr that howe of old, and in tura they 
will go the way of all knowledge. Theories rive and fall 
ta berter, truer theories replace them; yet itis unwarranted 
tm conclode that science is truth for a day. The mental 





validity bave a permanent service, for they bear the stamp 
‘of a more rigid discipline. 

‘Likewise is it idle to proclaims thae there is nothing new 
in rational experience under the sun: ot to ignore that the 
imaginings of a Lucretius or the dreams of a speculative 
Roger Bacon aod the orders of inquiry tat have actually 
produced the fyingmachine bave little in common. It ix 
‘alll kas warranted to find any parallel in goa) or method 
between the alchemints' hollow dream of tranmutation and 
the recent accomplishments of the physicists. Such identi- 
fication ignores the logic of procedure. 

‘recroncaL Toons 

‘We nimy diemies with x bare stcesnent the cocuprebensive 
observation that the ertors of modern scence, subsequent 
(0 the recognition of the logical tramtework to which all 
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seclence conforms, are technical errors, The croder errars, 
Ike the besic discoveries and inwentiams, belong to the earlier 
‘wages of wience; they are na Jenger in and of our outlook. 
Incptitades fa che management of the logical machinery 
(of investigation, of interpretation, of proof, constitte the 
‘echnical error of science that wre considered in their several 
provisos! ia the cootributlons that follow, When these 
are examined omaparaively ard analytically, they yield gen- 
eral conclusions Ulusrative of the vicimitudes of ideas. ‘The 
divisions of the sciences represent convenient categories of 
specialized intereuts: Nature is ove. Alt the sciences have 
pasied through similar stages of logical evolution; all have 
encountered, though in varying meamures and aspects, the 
Preyowosins tat te heman mind bogs a he que for 


The we ot jnteligence is the highest privilege and the 
deadliest menace of humanity. By the increase of under 
ttanding and organization, man has largely transferred the 
control of his destiny from Natore 10 his own derision. It 
is a robering oF a despandeot reflection that the inability 
40 enlist intelligence ia the service of an enlightened, tol- 
erant dispensation may annihilate-as if by a ghastly soper- 
gprbomb of malign stupidity-abe cumulative heritage of 
‘thought and enterprise. Ox the one hand the brittiant eei- 
‘umphs of logical dixciptine; and, in dieoal contrast, the 
disciplined warriogs of nations over fledhpow and memes 
of pottage: the resources of Nature under superb orderly 
dominion, and the contentions of men. under unruly striv- 
og: of warped judgment. ‘The atmosphere of laboratory 
and councilcharsber secm so alien a to deny their common 
origin in aapience. In that perspective the story of buman 
cetror in the miences may be lowered in significance, com 
pared with the Hereatean task of bringing intelligence to 
correct the flies of ambitions of empire and tyrannical coo- 
‘tol, Whea, in the twentieth century, master miads of sci- 
fence may become bounded political exiles, and wientias of 
ixinction merilice their loyalty to truth to remain noder 


360 FME STORY OF RUMAN rREOR 
the protection of perverted zuthoricy, the shock compel a 
‘revaluation of pen apd sword. To follow the nory of human 
‘evor in the imtalerances of government 1s almott 100 dl- 
‘coursging an andertaking; yet rationalism and sanity have 
a common came. A life af reaton remains a worthy anu 
42 ponible goal, despite che impresion which this volume 
countenance that the sory of man might well be entitled 
Our Mtubehaving Minds, 

Tr is ita purpose to incorporate iota the wry of thinking 
«8 comideration of the obuructions, the false leads, the ineptt> 
tudes along the slow, iregular course that form an integral 
portion of our incellertual heritage, thus reroring dhe per- 
spective of the epic of Man the Thicker. 








PART I 
WORLD 


Section T 
THE COSMIC REALM 


Cuarrer I 
ERROR IN ASTRONOMY 
By Harlan T. Stetson 


Tite sony of vvorin acience may well begin with exironoony, 
Jor otronomy i the older of the scenccetn 6 certain seme & 
‘erent of ther al. Primitne man, ix observing thy naratrewa 
‘ies, naturally formed « homocentric Interpretation of the wat 
‘ene around hime Tracing implacity in appearance, Me caty 
sttemps to pature the universe inewtebly involved grove crore 
‘Not wnt some reese ofthe lew and orderinest of Nature replaced 
man's cradence in magic and exprce, and not until the mm of 
rman was able to divorce itself from the error of the homeerntrie 
concept, mass pouible for astronoery to made Stine progres 
Stony, step by tte. by trial and eror in ideas end sheorier and 
tn taterpreation of ebtersation, the Kamen ind hay been led 
‘out of the primitive evidernex of saconcepriona into « world 
‘which views the uawerse fm the ight of modere aitenony— 
‘ith mew depeia of diteovery unfolding to every increase of 
power In the telescope. 

"From the veniage ground of the astronoy of today we can 
perczioe the mitiahes of thinking and of judgment ix the views 
of yeterdey; and rt i indeed. pemarkcble that on toch 6 verat 
of badly Laid foundations the present formations of the uni 
terre should have been constructed. The poaible erro fn mad 
fxm atromomy need be Highly considered, since with constantly 
Changing. conceptions and added chverotions many of hE 
present-day theorls, such as that of the expanding unieri, 
mur remai uncertain. The adoancer of another generation wil 
fast falter judgment on he e8le of eror in the concept of the 
‘arranomy of today. Or cory, Kawener, should make clear how, 
through logleal methods and lmproved ecceracy ix thinking, the 
‘probable error of judgment is dlowty being reduced that at Lest 
se may feel confident thst the facts of obserontion form « body 

* 














400 THE sTONY OF HUMAN ERROR 


of knowledge which is wachanging through the years, whatew? 
may be the changus in interpretation that time masy bring. 





aatve astaonomy, 


WHEN ONE READS the aoundlng fc of modern 
tueronomy and learas of galaxies upon galanies already 
revealed, with more yet 10 come when the great toorinch 
telescope for the California obvervatory is completed, 
Ccurioiry aks, “How has modera acieoce been able to achleve 
such x stupendous disclosure of the universe sround 1?” 

It was from man's wonder about the star that the fit 
‘idea of natural law arid order, which is the basia for all ac 
cence, came into existence. Paradonical as it may seem, bis 
chlet source of error was the tendency to take Nature at her 
fce valve, to accept appearances as the warrant of reality. 
‘Yet ane without estooamical Rnowledge can realy refoact 
much of the drama of human exror in gaining a koowledg 
‘of the univene, by going into the open oc any dear night 
and looking into the vault above him. By a strange illusion, 
such an ebserver scemu to be rather centrally located on 2 
flat dik of earth, overtpread by a hemispherical dome be 
decked with scintillating points of light which we call tar. 
Ii the obscrver lingers lang enough, be will discover that the 
spangled domz of aky appears to be slowly revolving about 
‘him. Constellations rise it the eas, pass slawly across the sky, 
and sink in the wett, at though a sphere were being majer- 
cally uimed by some mynerious spirit hidden beyond the 
celestial blue, 

In this simple picture appears the fist vet of etrort in 
aconomy, which bad to be outlived beloce any progreat 
‘oud he made towards uadentanding of the constitution of 
the stars and their location. What primitive man taw—as we 
secwand accepted as the reality vas a fiat earth, himselé 
tthe center, with a celetial sphere rotating about him and 
‘carrying the sin, t000, and star, at though thete objec. 
‘were attached to its inner surface, 
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Perhaps the ft great disilusionment came when sme 
ambitious traveler ventured far north of south from his 
‘home. Aa he receded from either pole of the sphere, he would 
see that certain sary neae thia pole gradually deacibed lower 
‘and lower arcs until they were lost benceth his horiza If 
(our early observer Tived in the northern hemisphere, ax most 
probably he did, be would Gnd likewise that to the south 
‘pew sans appeared above his horizan 23 he Journeyed south- 
‘ward, Thus be woukl make the fint important discovery, 
that the appearance of the sky changed with his location on 
the earch, Reasoning from such facts a8 these, the early Greck 
‘astronomers came to the conclusion dhat they must be tavel- 
ing on a tpbere—not on a flat earth, Thus catoe the fst cot- 
rettion of the erroocaus conception of the poritian snd 
movement of the earth in cosmic wpace. 

‘We next encounter in the same early sage of reflection on 
the celeatial world a toully different order of error, not of 
‘observation but of interpretation, derived not from the frma- 
iment but from homan peychology: namely, the belief that 
spirits, deities, agencies, amociated with the ukien have indiu- 
fence upon men's liver In some respects perhaps this wat a 
‘ost fortunate error, for i gave stimulos to astronomical 
sendy at a time when interests and instinces were primitive 
and personal, Spurred by the desite to interpret the aspects 
cof the ahies a1 they shaped dhe forcunes of zen, the early ob- 
servers noted carefully the appesrances of che beavend to am 
Cicipate the secrets of coesing event. 

‘Much of exrly astronomica! knowledge was soquired in the 
service of ascrology—a differently focused interest. Not until 
centuries elapsed, until man came to perceive bis apparently 
‘nsigasficant place in the commic realm, did the abeurdities of 
carly astrological thicking give way to the dete to discover 
truth fot it own make, 











pe re 
(Conspicuous among the brighter objec of the nighttime 
hles vere certain briMiant ara whose peculiar movements 
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indicated that they did mot belong to che same category 1» 
the socalled fixed mary, which might afer night, year after 
‘year, faichfully reeained thelr positions among their neigh- 
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‘Mars, Jopites, and Saturn; by reason of their peripatetic be 
havior, these objects were named iene, which means wxn- 
derers Continuing to mistake appearances for reality, they 
wumoed that these bodies must be revolving about the earth, 
‘againn the dowe of heaven. $o complicated were the curves 
Uist the planets described in the aky that the early philow 
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‘opens resorted to all sorts of mechanical analogies to explain: 
‘thelr movements. 

‘A fairly satisfactory approximation to the movements of 
the planets (not including che smn and moon} could be 
‘based upon the asrumptioa that each planet revolved on the 





eviphery of a circle called an epleyce, the center of which 
‘traversed the circumference of a larger circle Known as the 
deferent, At the center of alt these larger circles was the 
earth. Thus the sptem is known as the geocentric mster. 
Receiving the oficial sump of approval of Claudius Poolemy 
in his epochmaking book The Almagest (about 350 An), 
this early Alewandrian oomology Jong since became Loown 
as the Peslemaic theory. But the insensitive planets knew 
notbiog of Prolemaic coatrivances to qovera their motions 
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‘and Impithly persisted in wandering off their prescribed 
source raneranon of he Gent sxzooomen, 

lemaic philosophers repaired their tottering theory by 
te addi of quis ea pica ov Misa ad 


‘With centric and eccentric veribbled ofr, 
(Gyele and epleycie ord in orb, 





‘Tae COPEANICAN REETED 
Yom Mad T. na ew od te ie ew Ts lew Tc eh Crate 
‘& complication which for 2 tine served to improve their 
‘calculations for the predicted planetary poritions. But with 
4 rye based upon error they could not forever 
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‘rer cormpacan SEER 

Te wus Nicolaus Copernicus (1475-1543). Fole, who fret 
dared to refute the errors of hit predecewor in his cclebrated 
‘work De Revolutionibus Orbium Carestivm, The book wat 
Published just before the deah of Copernicus in 1545, and 





“THI RETROGRADE MOTION OF A rane 
16 yt oer ha the ir pow tax aye wade wen 
Du panto tthe mine ve of fem, Pow Maton Boe, em 
india tae Gen Yes a Cn othe Maret Bo nb 
‘he was thot released from witnemlog the havoe that fol 
lowed. One of the tragedies of buman thinking isthe inertia 
‘that resist change in ideas once they are accepted. The mere 
louely eaotional rerpouse is entwined with error, the mote 
‘ficult does it became to change one's thinking, The wc 





45 THE STORY OF HUMAN ZRROX 
cepted commology af Ptolemy bad become fundamental in 
the concept and plan of creation in medieval Church dogntas 
hhence the painful readjustment to the Copernican doctrine. 

Copernicus, throngh researches in the documents of the 
‘Alexandrian school, had learned that ceria Greeks—tmong 
them Aristatle, Pythagoras, and Eratosthenes—had conceived 
toot only that the exrth wer round, but thet so far as the 
fie 00 the apparent movements of the sun and pladews 
‘yas concerned, it might indeed be circulating about the sun, 
rather than itelf being the center sbout which the sun and 
ime revolved. So, abandoning the fundamental notion 
Of the geocentric hypothesis that the earch was the center 
‘of all creation, Copernicus amigoed this distinction to the 
‘tan and argued ‘at the earth with the other planes re- 
Volved about this central luminary. He explained the 
simple geumetry of the curious periodic backward tore. 
roenta of the planets in the sky by regarding them ar re. 
sultants of relative mation, in which the observer oo 2 mav- 
ng earth was changing his position at the aume time that 
the planeta were alao changing ‘hein, 

‘The Copernican theery vas promptly challenged, chiefly 
00 the ground of its uoorthodox proentation of the Cre: 
ator’ desigu. Here was a striking example of one of the moat 
dangerous sources of error in thinking, in that the ecclesiay- 
tHe tenlots endeavored to combat science with theology, to 
reason with tencts emotionally supported. Dig they oot i 
sat thac the “earth hath He fixed that it call pot be moved"? 
Some few, bowever, with a glimmer of wientiéc reasoning, 
‘objected to the new doctrine oc the grouod that if the eacth 
‘moved in un orbit about the sun, as Copernicus would ave 
thet believe the stars would appear to be seen in diflerent 
directions in the ay daring the coune of the year af the 
arth completed its revolution. Tia was realy a very sound, 
‘objection, and ooe which could not be met in Copernicus? 
day because of the lack of any precive ioutrursents to mearure 
0 small an apparent change in the direction in which 2 ear 
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1a seen as is cansed by the exrth’s motion in fu orbit. Not 
‘until neariy chee hundved year later was the fit so-called 
parallax ofa star meassted. Parallax, in astronomical pomen- 
lature, ia the term med to represent the difference in di- 
rection in which a sar ia een fom the circumference of the 
‘arth’s orbit wt comapated with its postion relative to the fut 
at the center of the earc’s orbit. Ta this objection against 
‘his theory Copernicus is sid to have replied, perbaps more 
‘wisely than be knew, chat the sara were so far away that the 
variations in their apparent postions dive to the earth's turns 
{ing aboue the wm were too email to be detected, 





[PROGRESS IN PLANETARY OBSERVATIONS 


‘With the stage thas set for the development of new ideas 
{in astronomy and for the inevitable confice with tbe old, 
a Danish aseronomer, Tycho Brahe (1546-160), was in- 
spired to gather further observational material which wat to 
help to decide the outcome of the battle of error against 
‘ruth in the evolutios of the planetary theory. With grant 
‘from Frederick IT of Deamark, Tycho set up on the Ine of 
Hiveen an elaborate observatory which he called Uraniborg, 
the castle of the heavens. Here he developed instruments 
‘more precise than any that had been cunstructed hitherto. 
Night by night he carefully measured the positions of start 
and planets, boping no doubt that if the Copernican, doc- 
‘rine should prove true, he would be able to detect mmall 
changes ia the motions of the stars corresponding to the revo. 
Jntion of the earth about the sun. To any event be was chart- 
‘ng the postions of the planeu in a way which should serve 
to determine with greater precision the coumse of the orbits 
they traversed, 

‘Whether Tycho was politically shrewd in deference 0 
ccleaintical authority and therefore beld co che error that 
the earth must be the center of the universe, or whedber it 
was bis own mental inertia that made it dificult for bisa 
to embrace the nove? doctrine of the beliocentric cheory, 
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yemaina 2 mater of opinion. He was responsible for ine 
venting a hybrid theory which subsequent events were 
‘howe wet the result of a marriage of error and trush—the 
error that the earth was actually the emer of the universe, 
‘and the truzh that all the planets revolved about the un. 
Obviously, Tycho did not accept the idea that the earth it- 
sclf behaved like any other planet. He therelore postulated 
‘that the moon and the sum revolved about the earth as the 
center of creation, but that the planets Mercury, Venun, 
‘Mary Jupiter, and Saturn revolved about the sun; he thus 
Ineld to the idea of the epicycle advanced by Ptolemy, but 
‘made the several planetary epicycles enncentric with the run, 
‘The Tychonic syrem holds aight place in the history of 
woonomy, but the thousmnds of observations Tycho made 
‘with his new inscrumens became a monumental contribar 
tion 10 die development of true ideas of planetary motion 
and made ponlble the work of hi saccemary, 
mxruns's souuTion 

‘Tycho Brahe bad io his obvervatory a young German 
sistant by the name of Johanc. Kepler (1571-1630), and it 
‘was to Kepler that the great Danish astronomer bequeathed 
his observations and the urvolved probless to which they 
(give tise. Kepler, attacking the problem of planetary mo- 
Gon with a myscical mind, at fire folowed the sare fallacy 
held by his predeceworthat since the Creator was a fer- 
feet being, and the circle was the oaly perfect geometric 
figure, therefore the planets must move in circles. In vaio 
id he ty to ft his master's observations into orbits of a 
rcular nature-equally vainly whether the earth or the sun 
‘was postulated to be at the center. With one bold stroke 
Kepler ventured to formike the wap: of traditional thinking 
and wy other forms of curves for the orbits of the recal- 
clerant planetx At length be tried the ellie, and found that 
Ihe could represent planetary motion far more socurately than 
lund yet been done in be hinory of asrenomy. He an 
ounced the fire fundamental law of pleatsary theory—that 
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each of the planets revolves aboot the rao i. an elliptical 
orbit with the mim at one of the foc. 

Yurther examination of Tycho Brabe's mumes of observa 
tons led to rwo more empitical laws. The fire of these sates 
that the speed of each planet at ary point in it orbit is such 
chat 4 Line joining the planet and the sun will sweep over 
the anene aren in equa) unis of ume, This means that when 
the earth ix, for example, farthest fron tbe sun in July, it 
‘mover more leisurely In ies slightly elliptica) track ‘than it 
does in January, when its soaller distance requires that it 
speed up its motion in order that its radius vectar shall de- 
scribe the mime area io the course of a day that it does at 
the earth's greater distance during the sommer months. For 
‘nately for thoee of us who live in the northern hemalsphere, 
the nearer approach ofthe earth to the sun io January wears 
chat gar winters are lex cold and of somewbat shorter dur 
don than they would otherwise be-than, in fart, they are 
in the southem bemisphere. 

‘Kepler's third ineportant law relates the rpeed of the dif- 
ferent planets to their respective distances from the sn. 
‘With 1 bigh degree of approximation, the square af the time 
that 2 planet requires to make one complete revolution 
bout the aun, divided by the cube ofits mean distance from, 
the sun, is 2 constant. To Kepler's mind this camveyed an 
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though here with mo vious elect upon the tru, wn alien 


esthetic novion was again intruded into what otherwise was, 
a wieatific observation, 


caustao's aurora 

Coneraporaneausly with Repler lived the Iinlian Gallleo 
Galitet (154-1643). jondy called the father of experimental 
science. More than any other representative of Renaimance 
Science, Galileo broke the shackles of traditional thioking 
that bound men to error ip their search for truth. Until tbe 
ay of Galileo Vite was known concerning the fundamental 
principles of motion. If a body moved, it was becaue some 
thing or someone moved ic: hence it fad been postula 
that spiritual forces were necesary eo kcep the planets going 
in their courses about the san. Galiieo supported the thesis 
that the inertia of motion and the inertia of rest were fun- 
damentally the mme—that a body set in motion would con- 
tinue moving unlea it were stopped by some abject ov ap- 
posing force, just as & body at rest would not start moving 
‘unless am external impelling force acted upon it. Soch um 
conbodox thinking brought Galileo into eoostant conflict 
“with the philosophers of bis day. 

Probably the most specacular performance staged by 
Galileo in disllusioning men's minds of edition was the 
lavic demonstration at the Leaning Tower of Pisa. The 
familiar tale‘ has a permanent place in the sory of error. 
‘Asinode had tated that bodies fll et speeds gooportional 
to their weights, and the eat of Aristotle were beld in sich 
‘reverence that, Like the law of the Medes and Persians, they 
‘ould not be changed. Boldly challenging this position, Cali- 
Jeo appetled to Nature to uphold his conclusion, Carrying 
‘with him a massive haodred-pound abot and a sbot weigh- 
ing ooe pour, Galileo trudged bis way up the stove stair- 
‘ase of Fim's inclined tower. Foising the weights upon the 
‘balustrade until he had the attention of the crowd beneath, 
‘he pushed off the two shoes together. Together they fell all 

or sho Caper 1, “roe Popes” 
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‘the way, and together they struck upon the tant. Yet jeering 
‘mvants returned to the philosophy of Aristotle, read again 
[his veazement that the speed of falling bodies was in propor- 
tion to their weight, and repeated, despite the evidence, 
“Galileo is wrong’ 
‘More trouble was in sre for Galileo when i 1610 he 
Airected is newly contrived telescope toward the sky. Al 
though the exact atigin of the telescope is in doubt, it iv 
‘tablished that Gallo was the St to apply it to the stare 
and to appreciate its significance for astronomy. With his 
‘oagic “optick tube" be found the surface of the moon to be 
rough and rugged, pitted with hundreds of craters of what 
appeared to be extinct volcanoes. ‘The immarulate sun he 
found bermeared with spots which drifted across ita surtace, 
betraying a globe in rotation and thus at least furnishing an 
analogy for hia belief in the rotating earth. Galileo discor- 
cred thax Jupleer was accompanied by Four satellites xevelv- 
ing aboot the planet, :hus adding additional members to the 
solar system, This dicovcry brought additional storms of 
(protent from the dogmatiss of his day. The accredited doc- 
tring argued chat as there were seven days in the week and 
seven churches in Asia, x the number of planets wat neces 
sarily seven. If the muraber of planets were incrensed, then 
the whole system was doomed. “Moreover,” argued Francesco 
Sina, “the acellices are invisible to che naked eye and there- 
fore con have no infuence oo the earth, and therefore wood 
‘be onelen, and theretore do not exit’ 
‘Sill more acute were Galileo's later troubles, Venus ap- 
‘peared in hia saat! telescope to show phases like the moon, 
‘roving that the planet was shining by borrowed light trom 
the sum and fulfilling an old prophecy of Copernicus that 
“God is good and tonoe day be will shaw he phases of Venus 
to somebody.” The price Galileo paid for his acceptance 
and advocacy of the Copernican doctrine was humiliation 
and the condemmatioa of the Church His mind, bis tem- 
‘Perament, and the temper of the day were much as to engen- 
er the bitterest howility of am ecclesiastical régione whone 

















St THE STORY OF HUMAN EREOK 
‘theology, wedded to modicval comotogy, loog retwnded the 
Progra of science. How strange, indeed thatthe veal of the 
spommors of spiritual thinking, whose purpose it is to lad 
‘man outward and upward i his search for truth to the 
highest achievements of which the human mind is capable, 
‘Proved a seubhorn obace in ebe path of progress 
sawron's oasar movcTON 

‘With the Initiation of the scieotific aniude of mind by 
Galileo's camcributions wstronomy moved rapidly to the 
satus of « mathematica! science. The termination of the age- 
‘long conics over the planceary system came with the enun- 
ciation of the law of univeral gravitation by Sir Ianac New- 
ton (1648-1727), whove contributians to xcience Delong, 
‘equally to physics and astronomy. The treditional seoty that 
the fall of an apple led Newton to evolve his gravitational 
theory may or toy not be Based on historic fourdation. 
‘His great induction was the embodiment in a single wate- 
ment of a law waich applies accurately and equally to the 
{all of am apple and the movements of celestial bodies, euch 
‘a1 the moon, which Literally falls to the earth vehile eweep- 
ing forward ia iu oxbit. 

Tt was « Joog sep from the initial conception which the 
apple may have suggested to the complete formulation of 
‘Newton's law of gravitation: “Every particle of matter in the 
‘Universe attracts every other particle with a force which 
varics directly as a product of the mases of the particles 
coucemed, and inversely as the square of the distance be- 
tween thet.” But could the earth and tbe moon, relatively 
large spherical bodies, be considered to behave as pasticley? 
JRetore he annwered this question in making geoeral the ap- 
lication of his law, Newton sought to convince himself 
‘through mathematical rexsoning that any spherical body «ay 
‘be considered at baving all its mam concentrated at ita cetter. 
“Tis was excotial to bis major dedoctions 
Observatiooal error played a further part in delaying 
somewhat the completion of Newton's gravitatianal theory. 
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‘As a datum for applying his law of inverse squares to prove 
that the eure force holds the moon ia its orbit as acts upon 
falling bodies on the earth's surface, Newton needed to know 
the distance to the mooo. 1¢ was common knowledge that 
the moon's distance was about sixty times the radius of the 
arth; but unt the carefal survey of Jean Picand in France 
(t67) the nocepeed valoe of che ears dlamterer wae about 
15 Per cent too large. Using this erroneous value, Newton's 
amumed distance to the moan was in cocrespouding error. 
‘The cleulation of the speed of falling bodies from the rate 
at which the moon fell toward the earth agreed so poorly 
with meuured speeds of bodies falling at the earch's surface 
that Newtoo, we are told, was 90 disheartened that he aban 
doned for many mronths the completica of kis publication, 
"The sory goes that when word was received of the true 
value of the earth’s radius, obtained from Picard's new mea 
vurementt on the mendian near Paris, aod Newioe revived 
his calculation wh the new value for dhe moon's dimance, 
he was a0 emotionally moved to find an exact accord in tbe 
place o€ the former discrepancy that he called ap aststant 
‘to write for bim the final figures of his computations, 
SURLLAM PARALLAR 

Not infrequently has the science of astronomy been s- 
‘vanced through the curious eventa in human experience that 
‘we vamerirocs call accidents. James Bradley (16981768), for 
4 time Profewor of Atronowy st Oxford and Inter the Ax 
tronomer Royal at the Observatory at Greenwich, hoped 
that the progressive improvements in the construction of the 
telescope and other estronomical instruments would make 
posible the measurecent of paralinc, which, a already de 
fined, is the small ancual displacement of the position of = 
star due to the motion of the earth in its orbit shout the 
‘van. With the aocusaolation of honéreds of observations of 
‘tat positions, Bradley ttade a thorough search to determine 
‘Whether there wan not some moall periodic displscement of 
twelve roonths’ duration that would reflect the anal revo 
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lution of the earth, as bad been predicted from the days af 
the Copernican theory. He was not loog in reaping a reward. 
‘He found that not only the nearer but the farther wars all 
sited their positions by small but signicant amounts. In 
the part of the aky directly over the earth's orbit they de- 
scribed mall arcles of 20” of arc in radius Stars near the 
plane of the earth's orbit oncillated back and forth in siraight 
liner, while stam in. the region of the sky intermediate be- 
tween the pole of the earth's orbit and its plane dexribed 
ellipses, the half major axcs of which were again 20° of arc. 
Je was always the same amount for every star, whether dim 
(or faint, and therelore presusnably whether fur or neat. This 
conld not have been true if what Bradley thus had discovered 
‘wat parallax, for the nearer tars would then shift their pos 
tons by a gresier amount, just wa the oexrer objects in the 
landscape viewed frow a moving train shift more comspicu- 
ously with the pamage of che observer than do the hilly on 
the distant horizon. No, Bradley had not measured parallax; 
but he bad discovered something very different from that fo 
which be had vearched—the socalled aberration of light, & 

‘due to the combination of the velocity of the 
‘arth in ite orbit with tbe velocity of light from tbe distxat 
var. 

‘At that time Ole Romer had jost announced the finite 
velocity of light as calculated from observations of Jupiter's 
‘atellite. He had previously deduced a fair value for its 
velocity trom his observation that light conmumed some eight 
‘minutes in coming from the sun to the earth, a distance of 
{98:000,000 miles. Uebining Rimer's value, Bradiey va able 
‘0 show that his discovery had led ined to an cbservational 
roof that the earth revolved about the von in Copernican 
faahioa, and that it was roving at « speed of 19 sniles per 
second—a value guite consistent with the velocity arrived 
at by other lines of evidence. Thas, wbile disappointed in 
‘not surceeding in determining the parallax of any sar, Brad 
Jey contribted, a8 v0 often occurs in science, » by-product 
of his efor equally significant in value. It was not until 
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1890 that the Erst muccensful measurements of wellar parallax 
were made, 


Up to this point we have traced the story of error in the 
development of astrocomy through the principal solutions af 
the problem of planeary motion, ax finally unraveled by 
‘Newion, aod through the actual demonstration of the orbital 
‘motion of the earth about the sun. Aside from the discovery 
of the eatellites of Jupiter and Satura, which came with the 
invention of the telescope, not a single new planetary mem 
ber ofthe solar syiteca was revealed until 176. On the night 
fof March 13 of that year, William Herachel (1798-18es) dis- 
covctad ap auctlying placet beyend the ofbit of Soura, 
planet fine oamed efter Herechel but later called Urani, 
‘The frontiers of acience were being pushed back, Here was 
another giant planet swinging around the wun at » distance 
twice ab great as that of Satur aod obeying the mame laws 
of gravitatioo as controlled the earth and the moon. 

‘With the discovery of Uranus, Herschel, already famed as 
‘a murician, began bis career of fazne in autronomy. He wat, 
Ihowever, by a0 means ehe first observer to have veen Urann 
for bere again appears a comedy of errors, The planct had 
actually been observed nineteen ties before that memorable 
night in March, 1781, Flamseed bad eotered it io his cata: 
logue of stars in five dininet places It was observed at a 
star—not at 2 planet-also by Bradley, Johann T. Mayer, and 
Pierre Charley Lemonnier. Had Cemonnier been more 
Drompe in reducing the recurds af bis observations, wherein 
‘00 fess than twelve pottiona of this body were recorded, he 
‘would have had the honor of the discovery. Av it is, all 
honor Bttingly goes to Herachet for the identification of the 
plane Unous 

But the discovery of Urmus brooght new diffcatticx 
CCarefut obvervations for months and years duclsed disrep- 
ances in ia predicted postions. Thoc gave rise to the 
query whether pouibly the law of gravitation, which bad 
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Iheld forall che other planets, was not completely applicable 
to the orbit of Uranus, Two mathematicians, Jobm C. Adams 
in England and U. J. J. Leverrier in France, with unshak- 
able faith in the law 90 thoroughly demonstrated, endeavored 
to vindicate the very law Uranus appeared to violate at 
pointing to the exinence of anctber planer lying lar outside 
the orbit of Uranus, which, through its own gravitational 
attraction, was a discarbing ioftueoce in the irregular be: 
havior of the planet discovered by Herschel. With surprising 
precision the position of the undiscovered hypothetical 
planet was predicted independently by the Englih and tbe 
French scientist. The planet Neptume was actually discov. 
red jut where predicted, by Jobn G. Galle at his obsert- 
tory in Berlin oa the night of September 33. 1848, 00 of 
the most briliant confirmations in all science. 

Likewise based upon the mathematica) predictions of two 
‘American astronomer, Percival Lowell and Willam H. 
Pickering, was a second remarkable discovery of a new 
planet, Pluto. The perturbations of Neptune and Uranus 
led Lowell and Pickering to assume an unknown planet X 
‘beyond Nepue and to calculate ita hypothetical orbit. 
Planet X was photographed by C. W. Tombaugh at the 
Lowell Observatory ax Flaguaif, Arizona, ia 1930, fourteen 
years after Lowell's death, and designated Pluto. The orbit 
‘of the new planet agreed remarkably sell with that ealea- 
lated by Lowell. Later, however, tbe investigations by E. W. 
Rrovn of Yale indicaced that the small mats of Pluto could 
Dot have aferted Unabus to the exeot required. Ie wat then 
setermined that alight errors in the exrly observations of 
‘Urunus led ta the remarkable coincideoce of the actual nbd 
predicted positions of Pluto. Jt wat an extraordinary con- 
tingency that a chance error happened to be fo the right 
direction and amount to lead to the discovery of an woknowa, 
plapet* 

The mocy is aiaby kd te che Reap of Perec Lome (ie 
‘kat igi by tw brates, A Cawrmn Lowel, Eacpraeat of Hard 


Unroni, wek great ncomey of Se matreci) teeamber BY 
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Another remarkable innance of an important discovery 
‘resulting From an onsuenesful effort to determine parallax 
connected with Herchel. Hersche! resolved to vearch for 8 
‘maull displacement of fixed wars which should reflect the 
suroual motion of the earth about the sum, by coeoparing the 
[position of bright war week by week and month by month 
{in relmion to the positian of a closely adjacent faint star, 
[prerurcably much farther sway from the earth. Herachel bad 
no difficulty in discovering thoamands of such pairs of 
“double sare." He expected to Gnd that the brighter star 
pf a puir-anuaned from iu extra briliance 10 be much 
nearer than the other-—would be observed to tove with r= 
spect to the fainter star a x tiny cirde or ellipse during the 
oun of the year, because, as the earth moved in its orbit 
about the sun, he would be directing his telescope towards 
the star from a slightly diferent position in different month 
‘Herchel was not in error im bis theory or in his search Sor 
‘thir motion, bot he was in error in thinking it could be 
ecected by that method. For today we know that many of 
Henche's double stars are binary systems, io which the 
fainter star, umally the lot auative, circulates about the 
brighter @ar in periods of many years often of centuries 
‘We, ofa later dey, can appreciate Herecbe!'s initial bewilder- 
sent when he found that it was the fant sar that apparently 
oowed with respect tothe bright star, and that it completed 
its circuit in» auch longer time than a single year. He was 
‘very quick, bowever, to catch the significance of his new 
Alucovery and to realize that chere were stellar aywems a1 
well a planetary rptems: that although be had not achieved 
the expected demonseration of the earth's motion about the 
sun, he had come upon a far maze striking demonstration— 
‘the demonstration that Newtoc’s law of gravitation was valid 
foe wtetlae systems far, far beyood the limits of our own 
planetary range. 
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‘Tm cae oF smmexat. arreowoy 
Henchel added to these achievements 4 rptematic study 
of the dinribution of wars based om actual courts of cheir 
umber in selected Gelds of his telescope. From these 90. 
valle star gauges he deduced a dbrory of the construction af 
four universe. Considering the limitations of sstronotical 
knowledge in hia time, itis surprisingly in accord with our 
preventday picture of the galactic system. Herschel Hkened. 
the universe in shape ta a grindstone, with the mun and the 
solar tem situated nearly in its central plane. He ac 
counted for the fact that we ser more sare in the direction 
‘of the Milky Way by the bypothesis that we are then looking 
‘through the long dimension of the universe, which naturally 
includes more sars. ‘The paocicy of starsat the poles of the 
Milky Way, orto preserve the figure—in the direction of 
the axis of the grindstone, indicate that the thin dimension 
of the universe Lies in that direction, Auuming that the stars 
are equally discributed, this view would include ® much 
tenaller nuzaber than when we look towards tbe risa of the 
“igrindutone” from our somewhat central postion. Litle did 
Henschel dream of the enormout extent of the galaxy. 

To scanning the shies Herechel was often aownded by 
certain areas almost completely tacking in stars. Some af 
these, cixelar in shape, were telatively wo snall that be re- 
ferred to thera ax holes in the heavens, chrough which man 
looked into the great beyond where there were so sara. In 
‘the Tight of modern axiramocay this interpretation appears 
to be very touch io error: for we bave strung reason 10 be- 
lieve that these dark area are cused by ooculting matter 
sduuated oo chia ede of the surscrewn background beyond, 
“The pretence of many such dark areas has made the modern 
sunronomer conscious of the danger of interpreting the num- 
Ibers af sears seen in given areas a8 tepresenting the aellar 
‘Popolation ia those regions, In fac, # appears entirely por 
sible that gigantic clovds of dack absorbing matter—oomic 
duse and fogs of tenuoas exaterial-dien the light of distant 
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‘war 10 13 to coofuse our interpretation of the dimeusions 
‘of the univene in many directions. 

‘Arng the peculiar objec that puisled Herschel were 
the socalled star clusters and nebulae—colouies of wars oom 
actly gaibered together, some in the form of a luminous 
ebaious mam like that of» distant atreet lamp ssen ehroogh 
a thick London fog. Becawne of their cloodilike nature, thou- 
sands of thee objec bave been catalogued as nebulst, the 
‘word nebule Literally meaning 2 doud. With the incrouing 
power of Herachel's larger instraments he soon found that 
‘any of these objects resolved themselves into thickly com. 
jpocted clumers of stars and be began to wonder whether, if 
only we had telescopes powerful enough, we should not be 
able to resolve all of these diffuse nebulosities into star 
dust. 


The answer to Henchel's quettion could not be given 
until, shortly after the middle of the ninetecth centary, « 
new instrument was iotredured into asrooomy—the spectro- 
scope, This butrument, a product of the chemical and physi- 
cal laboratories was not at Gret entvasiastically received by 
conveational sitranomen, who thought of the problem of 
astronomy at Timited to auch as could be solved from ob- 
servations of position and motion. Assanomers who firs ap- 
plied the spectroscope to their telescopes in wa endeavor 10 
Aanalyae the Tight from dient celewial objects—as the chem 
Je would examine hot incandescent yates io his laboratory 
‘were locked upon ax departing from the tradition of an 
‘wtrooomical observatory. At length. however, chene wxxon0- 
sncre who became suficieatly versed in physics co enderitand 
‘the maatipalation of de spectroscope and the interpretation 
cof spectra were the creators of x new science recognized today 
‘© sstrophysicrtnown in the later part of the nineteenth 
century as “the new astremoeoy 

‘To the spectroscope we owe iesportant revelations ia out 
Koowledge of the eanstication of the wan and scart, BY its 
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id we have hero enabled to determine the physical and 
chemical encstitution of every astral body that emits light 
‘enough to make pouible che analysis ofits spectrum. Spectro- 
eopic analysis has demonstrated that matter everywhere 
throughout the univene is the sae, chat practically every 
element known oa earth ix found among the stra, and that 
‘we ourselves are of euch material as stars are made of. How 
tragic would have been the error had the spectroscope been 
Jeff out of asronomy, aod yee how slowly was this wocom- 
ventional instrument introduced into the observatories of 
yesterday! ‘Today phic, chemistry, and astronomy are 
jointly concerned in the supreme quest far the ultimate 
nnanore of matter. 

Jt ia interesting to note that, baving contributed ta as 
‘tronomy 2 means of seudying the physical and chemical na- 
tore of che sous the spectroscope thould also zaake possible 
‘the wudy of their motions without waiting the Yong intervals 
of time required By the older methods of positional 25 
‘romoeny. For just as he Bla of the whistle of a Jocomotive 





‘of the spectroscope ahifts x little higher in the octave when 
11 sur is approaching the earth and apparently slows down 
in is vibrations—moving the spectra! line towards the lower 
for red end of the spectrum-when the sear ig receding froea 
the earth. 

‘A caniversal application of this principle, koown from its 
firwe discoverer as Doppler’ principle, tas made it pomible 
row & single observation of « war's spectrum to determine 
the relative velocity between the earth and the star and to 
‘remove all doubt as to whether the star is receding frora or 
approaching the earth. From extensive observations of thou- 
sands of stars with the wse of the spectroscope, we have come 
ta discover that our own sun is moving at the rate of 
‘400000.000 miles & year among a group of nearer start 
‘within our galactic epsom. and that our whole galactic aps 
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‘em is iuelt in rotation about a common center. This mame 
‘instrument has annwered Heracbe!'s dilemma about the na- 
tare of the nebulae, for it has taught us that soene nebulae 
ae indeed aggregations of wart, while others are enormous 
whirls of glowing gas incandescent through their own hy 
rminous fires, and still others are clouds of gas clectrically 
excited by the presence of nearby stars. 

‘The universe of Herschel, bounded by the Mitky Way, 
ban grown in size in modern astronomy. Galaxies upon gat 
axies now are recognized, 40 that our uoivene of yesteriay 
taker a secondary place among the spiral nebolae which 
sirew the sky by milhons Les dan a generation ago as 
tronomers were debating the size of our own galactic em 
and whether or oot these spiral nebulse were part of it 
‘The major diameter of our whole Milky Way stem was 
Gefined by Simon Newcomb, a leading astronomer of a pre- 
‘ceding generation—now voted into the Hall of Fame—a 
probably about «.000 light-yeara, From 2 study of the flucto- 
ations of light from certain types of variable wars it has 
become posible indirectly to determine the distances of 
‘ome of the sar cluitert of our own galaxy. Hatlow Shapley 
Tew than two decades ago astounded aszronomers with a cotn- 
Puaation that our galactic system could not be Tess than 
300,000 light-yeace in dhanaecer, lange enough presusnably 10 

Jude the spiral nebulae themsclves* More recently the 
application of ebe ttune law of the relation of the period 
of a chutter-type variable aca to its luminosity brought the 
aring result from the 1oo-ioch telescope at the Mount 
Wilson Observatory that the Andromeda Nebula is approxi 
reately three times as far away a8 even this uothinksble 
diameter of our galactic syne. Other epiralt yielded even 
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(greater distances, oo that an old idea of Herschel, thet shere 
are island univenes, was again revived. Applicatian of the 
spectroucape to the determination of the velocities of these 
‘many spiral nebulae has revealed that for the most part the 
Iines of the spectra of the spirals are shifted considerably 
towards the red, Indicating that they are receding from. 1h 
at a rate of bundreds and even thousands of miles per seennd. 
Does this mean that the whole universe, which comptiocs 
a gulay of galaxies, i expanding in all directions? If w, 
‘there must bave been » lmiued tiene since ic began it ex. 
‘panting; and if 90, mart we look iota 2 future when the uni- 
‘vene will have dimipated ioto even greater teauosity thast 
its present wate? The raatbematical theories of such geniuses 
as Binsein, De Siaer, and Le Malcre would indeed seem to 
‘offer some theoretical bass for belicving chat such ia the case. 
‘The observational evidence of lines shifted towards the red 
in the epectra of the spiral aebalae would appear to be coor 
firmatory of the theoretical deductions of tathematiciana, 
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Our marvey has reached modern ties Our very prox: 
imity to the picture of the onivene now being painted, and 
‘to the artists wbo are sketching ita details, makes perspective 
difficult. To trace the tory of error in our modern thinking 
may require the coming of another day in astronomy. We 
‘may well be an our guard, however. knowing that to many 
tues Nature has tricked scientists into acceptance of ap- 
pearunce for reality, Theories of the expanding univene, 
however rigid amy be the mathematical dedoctions, aru be 
founded upon certo promiacs and postulate. But, one 
stks, do not the observational data of the spectrocope show 
‘beyond doubt that the dant galaxies are receding? Yes, 
‘tour only poulble interpretation of the shifting ofthe lines 
to the red is that based on Doppler's principle. IL however, 
‘trough some mechanism in the distant sources of light, oF 
through the medium through which chat light is tranemieed 
‘to earth, the vibrations are slowed down, then we might well 
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‘ave a falling pitch of the lightwave, or x shitting of the 
spectral Lines towards tbe red, quite independently of Dop- 
pler’s principle, which depends upon the recenion of the 
isnt stan. 

“The hinory of error in our ideas of the evolution of the 
solar gyitem and of the age of the planet earth an which we 
live, while well within the province of attronmesy, may be 
Teft 9 the geologist ca relate. Through error and fs cortec- 
tion we have progrened in our knowledge of the univene 
towards an approximation to truth io the reakn of a 
tronomy. The tory makes scientine tolerant towards con 
Biting theories that touch the frootien of Inowledge, 
‘confident that out of confusion truth will ultssately emerge, 


Gnapten IL 
ERROR IN GEOLOGY 
By Kirtley F. Mather 


GEOLOGY is popuieriy conceived ax the study of rocks and 
‘inerar, mesalic end non-mevalic over, fuels end wetereupplie, 
ousil animals and plants 11 i ll that end mare, for it ix nothing 
lem then the history of the earth and ite fahebitents, The 
geologist & comstenily aaking how things come to Be as they 
are. When he ix concemed wath the dsconery and iilisation 
of the natural reiourcer upon which our physical prosperity 
depends, he mut find out how the fron ore or petroicen of 
buildingatone ceme tate existence or war concentrated in bodicr 
‘witable for economical exploitation, in order to guide the earch 
for edditional deposits or the procenea of recovery from the 
noun deposits. When ke is concerned with the nurface features 
of the earth, he at Icarn how sll are formed and transported, 
‘he eines hehane, how glaciers scuptare the lond, hot tuner 
tend currents crode the shoret of sre end lake or build new land 
long the strand. His descriptions of the sbingr he seer are 
‘imott imvoriadly only the fst step towards n explanation of 
‘hove thing in storie! terms. 

"Men fist became intereted in geology beceuse of spectacular 
vents like floods, earthguaket, and volcanic eruptions, or be- 
eauas of thea Siscovery of Beautiful cries, anual stone, or 
rion fount. Gradually that interest expanded to include on 
inary at welt ax extraordinary object and events. Gradually 
alto the demand for natabie building materia, for gold andt 
{fetes for the great eority of metal, sets, and fuel wrefl in 
‘inéwtry snd commerce, simulates the seerch for the naturat 
‘erourcet hidden in the earth's outer shall, ond thet én turn 
‘avalimed a new interiatéu this particular branch of acienct. 

Obvionsy, errors in interpretation ond casual explanation ere 
ouch more likely to occer then errert in dercription, although 

« 
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frequently it has been faulty oberrostion that har led to 
‘romeo taterpretation. 21 is therefore not surprising that the 
Katory of geological scence is itherally sprinted lth aloe 
fend hadsrots explanations of natura! phenomens. In the pages 
that follow, the attempt has been made to select the most 1n- 
feretting end significant of these errors from each of the more 
important suddeinens of the science. Taken ar 2 shot this 
chapter should serve (0 arquarot the render with the major step 
{in the ait incomplete proces of wareceling the tangled threede 
of earth hiatory 


IT SEEMS to be ixponible wo dtcover any logical point 
fat which to begin the story of geological error. The 
veanty records of the dim beginning of man's endeavor 10 
lundentand the earth upon waich be dwells and to compre- 
hhend the ways in which its fratures bave heen shaped reveal 
the gradual emergence of knowledge from superstition; but 
‘there ia no date that can be selected as the birthday of the 
science. Observation and experiment were occaionally the 
‘basis for ideas even io the days of the caveman and the 
Greek scholar. Uncontrolled speculation and euthoritarian 
dogma atl! peraat in our cenzary, the alleged age of reason. 

Error in geology has resulted largely from inadequate ob- 
vervation and fauley experiment, but it hat alo bea 2 
comequence ofssubservience, either conscious or uncoa- 
tedaus, to the dicta of theologians and philosophers. This 
mixture of intelectual ills has produced 2 lang series of 
‘quaint, naive, and often tndicrous ideas, but usually chere 
isa gleam of tratb io the midst of the error. Rarely can we 
say that a parsicular geological theory is all wrong or all 
right; various shades of gray are far commoner than either 
black or white in the geological colorecheme. 


‘Tie BART's pereRIOR, 

‘Take for example the exrious ideas that men bave enter 
tained concerning the structure of the earth beneath ut. Tt 
war to be expected that those whote intellectual heritage wat 
drawn from the Mediterranean region should have eatiy 
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concluded that below the solid mace of the earth there 
‘aust be a place of exernal fre. The doctrines concerning 
Ill, 90 cruelly orthodox in medieval Chrisianicy, were ob- 
viously sappaned by everyday observations “The foods of 
lava, the clouds of ashes, and the intensely hot gates ejected 
fom Etna and Veauvics certainly came from the exch't 
{nceriar. Hoow the Gre at the exnter of the earth wat kindled 
land how it was maimained presented a dificult problem £0 
‘those whoee interest in “how.” the mos scientific of all ques- 
tions, ‘by their interest in “what” and 
where.” “why” and “when.” 

‘Frascatus had a neat answer.‘ The earth sands at the oen- 
ter of the univene: consequently its center is the center of 
the whole universe. Both are apberical in form. The sun, 
‘ooo, planets, and fixed stare all aboot out rayt of beat 
‘which vend to concentrate at the center of the universe, as 
the spokes of a whcel meet in its central hub, 30 that the 
ceoter of the earth const be the hottest of all places in the 
universe. Some think that these rays find theit final you! 
st the eanh's center, others that when they reach the center 
they are rellected back along the mame coune or at an acute 
angle: but whichever view be true, these eays, colliding with 
‘one another and rubbing against each other in the narrowed 
space about the earth's center, by their friction generate fre, 
‘which is nothing elie than exces of beat. The heat thus 
rived from celestial sources will be maintained so long as 
‘the universe eoducres, 

och ideas were widely current during the sixteenth and 
seventeeoth centurien, quaint choogh they appear in the 
light of modem acience. There were, however, « tew medic- 
val sclentins weho even then considered ther Fantasie. Agel- 
ola, for exanaple, contended that “the hest was derived 
‘rom the combustion of beds of coal, bodies of bitumen, or, 


Gabel Wr aehel, De dyes Beth Tinenlbes (urs: 
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in somie caves, mames of mulpbur which existed beneath vol 
anic center, and that thee were ignited by intensely 
heated vapors which in eheie turn derived their heat from 
Iiction which was set up within the gaseous mass iuelf oF 
‘oy its contact with the walls of narrow speces through whi 
ie was foroed when in rapid movement within the earth: 
‘He implied that the sublerranean fires were localized. be- 
neath volemic vents, rather than widexpresd throughout the 
‘whole interior of the earth. This explanasion of iternal heat 
jn terms of combustion of coal and ocber inflammable mt 
teria was quite generally accepted in later yeart and rat 
preapulgated by Werner and bis followers even as late nt the 
‘opening of the nineteenth century. 

‘Tt 990m began to appear, however, that bigh internal tean- 
perature war not a local phesomenon confined to volcanic 
resions. So far a wrailable records indicate, the fie definite 
ctnervations concerning the tessperatare in the deeper por: 
tons of mines were made in 1740 by Genmnne in the lead 
amines of the Voager. By the end of chat century it was known 
that wherever observations were made, there was» notable 
increase in teraperatare with depth below the surface. Evi- 
dently, human beings were living on the graciously cooled 
periphery of an intensely bot planet 

‘This was, of coune. happy cews in the nineteenth cen- 
tury. Under the inflvence of the Laplacian nebular theary 
cof earth origin, concerning which mote will be tid Sater, 
the eientifec authorities in the fist half of that century ac- 
cepted as fact che iden that the earth was exientiatly a ball of 
‘molten rock material aurounded by a comparatively thin 
crust. Cooling kad progressed from the gaseous to the liquid 
sage, and at law a soficient thickoows of solid rock bed pro- 
vided the occeuary environment for life. 

‘But how thick was the crux? For decades the popular 
answer was a thicknes somewbere between 14 and 75 rules, 
1 trivial fraction of the earth's radius. Shortly after the 
middle of the nineteenth century, Lowever. it began to be 
rexognited tbat che earth ia an extremely rigid body. If it 
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were emenially & liquid sphere encased in » comparatively 
{hin eoricial shell of solidified rock, gigantic tidal waves 
‘would necomrily take place within it body as x reult of 
the attracion of the moon. George Darwin effectively dis 
posed of the popular and longstanding erroe concerning the 
interlor of the earth by demonstrating that tidal ebb and 
‘low could be resisted only by a crust of enormous thicknew: 
at least 2,000 miles of solid rock must intervene between the 
surface and say Liquid macieus. This computation has re 
cently been confirmed by modera seismology, akthough the 
recive nature of the exntral core of the rigid earth is even 
‘yet unkown. 
‘Tee FALLACY OF TE NEPTUNOTS 

Quite naturally the earlier geologists devoted much mote 
attention to the rocks that cauld be scen at the surtare of 
the earth than to those which are omeriled from view in 
jis deeper interior. For decades 2 bitter cancroversy was 
waged concerning the origin of the various Kinds of rock in 
‘European moustains. One group, ably led by Abraham Gatt- 
lob Wemer (1749-1817), argued stoutly that all rocks were 
“precipitation and depositions formed in sucoemion ... 
from water which covered the globe” The minerals 
clades in thote days among the geveral designation “fosilt”) 
“which conmtimmte the beds and soar of mountains were 
imolved in this univermal water and were precipitated from 
ere 

‘The followers of Werner, appropriately labeled “Nep- 
tunint,” were vigorously opposed by the “Plutonisu,” among, 
whom James Huttoo (17261797). “a private gentleman” 
of Edinburgh, was the recognised leader. The plutonic doc- 
tine explained such rocks as granite as the reault of the 
Gcepaeated crystallization of molten materia, certainly fur 
‘remored from water ia its nature, andl soggested that Dumlt 
‘was formed from lava flows and could not be & precipitation 


1A. O. Were, Hew Theory of the Reraaton of Fei, wanda 3, 
Carin idem (charge Hanh 
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from the sea. Curiouily eoough, it was around the origin of 
Ibanlt that the battle was waged ciort furiously. Many were 
the learned disertations which proved with equal finality 
that the extensive bamltic dows of Geneany and France were 
for were not the rerult of the former presence of the element 
under the jurisdiction of the god Neptune where today are 
lotty peaks and widerpreeding piatexaa, 

(One of the mort telling blows which did much to demon- 
strate the error of the Wemerian school was delivered by 
Rudolph Raspe (1797-1794), © German mineralogist and 
archaologist who found it necomary to exigrate to England 
and who was doubtlew the most notorious rogue ever con 
nected with the science of geology. His fame as the greatest 
[iar of all time is well ewablabed, for he is credited with be- 
ing the author of The Adventures of Boron Munchsusen| In. 
cieooe, however, he deserves great credit for his careful 
observations and accurate descriptions of the bualtic lavas 
and amociated volcanic rocks in the Habichwold. His com- 
clusions conceming their volcanic nature are now universally 
avcepted: the Neptunias bave dimppeared completely from 
_Frological nociery. 

‘Tax beta OF roses 

ot the abandoament of the Neptunise doctrine that all 
rocks originated as precipitations in che sea should not lead. 
to the inference that no rocks came into existence in that 
‘way, Bvea in the midst of the crror there was a modicum of 
truth, Yer that truth emerged only after a Jong seruggle. 
‘Nobody knows who Grat noticed the foal wells of marine 
‘animals among the sedimentary rocts of mountainous up- 
lands, but such evidences of the former presence of the sea 
‘where now ia lofty land were obvionsly tot puring. The 
sicaple explanation that crustal upheaval bad lifted the sea 
floor to heights of many thousands of feet above seatevel 
involved mental readjustments which were not eary to make. 
‘Handicapped by the notion that the earth had been created 
‘by Divine Eat in its present completed fore, and with wholly 
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inadequate concepts oF the duration of time involved in 
earth history, the medieval philosopheracientiats were hard 
ut ta it ta explain auch anamalies. 

‘Avicenna (gBe-10%7) suggested that foals had been gen 
cerued in “the bowels of the earth by the mysterious cre 
tive force that continually serives to produce the organic 
out of the ioormunic, and that they were “unsoccewfal at 
temp of nature, the form haviog been produced but 00 
animal life bentowed." « For three bundred year, begianiag 
in the fifteenth century, scientific circies were frequencly €o- 
Heened by dispotatians concerning the narure of fouls, and 
‘numerous clever suggestions were proposed in the midi of 
aguments of which the net resalt was to pour more heat 
than Tight upoe the subject Fouls were the abortive results 
(of the germination of living seeds or eggs carried in minis 
‘blown from the ocean and lodged in crevices in the rocks. 
(Or they were regarded merely ax ihusory sports of ature, 
‘posibly even implanted in the ground by the Crestor with 
the mereticious purpose of aetting a trap for those fool. 

individuals who eaayed to ext of the fruit of the 
‘Tree of Knowledge and mati bold to probe the uniathom- 
able secret of how the worid was made. 

Despite the fact that, near the clove of the fifteenth cen- 
‘tury, Leanardo da Vinci (1452-1519) . the world-famous ertat 
and architect, announced that the fomils be had seen while 
constructing canals in North Ttaly were che remains of 
‘arioe organisms which bad actually lived where they were 
found at time when the aca covered all that region, error 
tail reigned in the minds of the ombodox incllectuals, 10 
2587, Fallopla of Padua, one o€ the greatest anatomins of 
nis thme, described the foul teeth of elephants as earthy 
concretions and the mineralized shells from Volteranno a 
the result of fermentation and exhalations from the earth, 
“Michele Mercati prepared good illustrations of fomil_ bi- 
valves, ammonites, and mummulites in the museum of Pope 
pitt Ae ie Many of Gog md Peeing Cte, 
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Situs V, and these were published between 1917 and 1719 
ip the Metallothece Faticens. He tamed the fouls sccord- 
ing to Pliny, and after long discusion of their probable 
souree came ta “the conclusion that they took origin under 
the influence of the star.”* 

Liner and Lbuyd in Eogland and Lang in Switzertand 
lng to the naive abwurities even while naaking truly valu- 
able contributions to the advance of knowledge. Martin Lit 
ter (16384713) Skid down the fmpocomt principle that the 
diferent sedimentary rock formations might be distinguished 
‘yy their particular foul content, and Mustrated Living and 
fossil bivalves aod mails side by side wo demonstrate their 
revemblance, But at the sams tine he iosated that the fom 
‘were merely poor imitations of the real forma and must have 
been produced in the rocks by some uoknown cue, 

"The last of this long line of believers in magic among, 
those who have retrieved the records of prebistoric life de- 
velopment wat Johannes Beringer. a profewor in the Uni- 
verity of Wurrburg, whose scholarly career collapsed most 
‘tragicaly as a result of the prams of bis beartles: sevdents, 
Io 1786 he published a remarkable paleontological rnano- 
(raph entitled Luhographie Wirceburgensit in which he 
Mlosrated a miscellaneous collection of trae fouls from the 
‘Tiawic rocks of Noreh Bavaria, mixed with stone replicas 
of nun, moon, tars, and Hebraic lees, all of which were 
soberly described ar having grown in the rocks. “As a matter 
of fact, his students, who 20 Jonger beliewed ia the Greck 
smyth of velfgeneration in the rocks, had placed artifcially 
concocted foram in the earth, and during excursions bad in- 
‘eigled the credulous profesor to those particular spots and 
discovered them! But when at lust Beringer’s own mame war 
{found apparently in fossil form in the rocks the mystery 
‘was revealed to the unfortunate profesor.”* The distracted 
‘mam tried frantically to purchase and destroy all the copies 
of bis book, bus without avail. In 1767 a new edition was 
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published, and the book is now promived an x scientiSc 
‘euriotity. 

‘Ope of Beringer's move interoting contemporaries was the 
Swim naturelin. fobatn Scheucheer. By the time be war 
ready to prepare his natura history of Switzerland, tht or 
ganic origin and historical aigniScance of fowls had beoowe 
rather geaetally recogniaed. But very promptly the religious 
forers of the day claimed chat all fouils were vestiges of 
the Biblical creation and represeoted the creatures that had 
been interred during the Noachian Deluge. The “Diluvial 
ins” were numerous among the geologiss of the seventernth 
and eighteenth centuries and were, of course, warmly sup- 
ported by the Church. Scheuchuer accepted the doctrine 
‘wholeheartedly and sought eagerly for every poutible proof 
of ita correccness. His Querulce Pusciue, or Complamt of 
the Fithes, published in Latio excly in the eighteenth cen- 
‘wry, isa fancatic volume. It i iluatraced by aauny expen- 
sively engraved figures of varions foul, mos of which are 
described ov the remains of Eshes which through no sin of 
theie own tad been destroyed in the world catastrophe and 
‘suprisoned io the rocks ever since. It also contains what is 
probably the firm picture of ichthyosaor bones, But these 
‘vertebrae, found by Scheochuer end hit friend Langhans in 
the “inclowure of the gallows" at Altorf, are described 28 
tbuman bones, relics af "the accursed race destroyed by tbe 
flood." 

Late in bis lite Scheuchzer found at Oeningen some fossil 
ous which be desbed as “the booy skelcion of one of 
theve infamous men whose sins brought upon the world the 
dire misfortune of the deluge.” To the fouil he accordingly 
ive the name “Homa dilwoii tests." The banes art, how- 
ver, those of a large Tertiary amphibian sncesrlly related 
to the elamander! They are cow on display io the Teyler 
Museum at Haarlem avd bear the label Andries scheuchzeri, 
in houow of their Swiss discoverer. Scheuchoer’s engraving af 
this “Wimen of the Flood,” as also that of the ichthyomur 
vertebrae of Alterf, was reproduced in the famous “Capper 
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“Bible” as positive proof of the literal accuracy of the bitiical 
ecard? 

Somewhat similar motives to those which siemlated the 
Dilaviatits have persisted even inta the twencieth century, 





HOMO DILUPHT TESTIS 
ree, Alig clan, The dnment Life Hor of the Bach Qhew 
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‘There is Little doubt that the imposing array of prehinatic 
animals and plants, whose fouil remains bave been discov- 
‘ered by thousands of geologists and arranged in chronologic 
‘order, provide for the average layman the most compeling 
of all the arguments thar have been advanced in favor of the 
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principle of organic evalution. I, therefore, the popular wc- 
‘eptance af that principle is to be underained by anyone 
tho believes it to be antagonistic to religion, be mur destroy 
the cogency of the argument based on the mictesion of 
foal forma, Within recent years the charge bas been made, 
feequencly in sermocs and addrewes, occasianally in books 
and periodical, cut geologists have reasoued in a cine. 
Having asurned evolution “from amezba to waao," they ar- 
range the rocks in order from oldest to youngest oo the basis 
of their fousil content-the more primitive and generalized 
‘the anima! remains the older the rocks and vice vere, Then 
they announce that beeanse the fouls of the more lowly 
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crentunes are found in the older rocks, whereas those of more 
highly specatiaed animals occor only in the more recent 
formations the cvolution of life is demonstrated. Thum gor 
the argument of those who would preserve the reveated truch 
of a divinely inspired Bible agent che diabolical attack of 
the evolutions. 

Obviously, the indictment woold sand were its fonda: 
rental premise noc an ervor. The fact is that the relative 
sequeace of the rocks is determined in che tat alps not 
Iy their fowl content bat by theix physical relationships 
‘The relative ages of all the great syirems of sedimentary 
formations were correctly dexermined long before the cpoch- 
making coneributions of Darwin. Fouils are the key to 
correlating, not to chronologic requence. ‘The idea that geal- 
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‘ogists reason in a circle with regard to fowils and time 
relations is ive an error which necds to be teotched whea- 
ceverit lift ia bead. 





‘Ouce the true nature and real significance of fomils bave 
‘been comprehend, there semaine the difficult tak of re 
‘constructing an accurate picture of the animals of the pest 
from Ube fengmnentary renaioa or scanty relics that are xvail- 
able. It ix not muzprising that erroneous inferences have 
‘ccasiabally resulted from the attempt to interpret the record 
in the rocks The wary of the foul footprines in the Triamic 
red beds of the Connecticut Valley is an alton perfect ex- 
ample of the gradual emergence of truth fom the wins of 
error, 

‘These remaruable fomils were Grat called to the atten- 
tion of the scientific world in 1896 by Profewor Edward 
Witchock (1799-1864) of Ambere College. His opinion 
‘concerning ther tad been solicited by Dr. James Deane of 
‘Greenfield, to whom Dexter Marsh of Deerfield bad gone 
for an explanation of the atrange imprints he had observed. 
‘00 some fagstones being laid in front of his house. It wax 
‘obvious that they were footprints preserved from time im- 
‘memorial in the solid rock, but whether of man or beast 
be and his neighbors could not decide. Apparently it soon 
‘became the popular opinion chat chey were the tracks of 
Dinds, some O€ which sratt have been of gixantic se, im- 
printed in the sofy yielding sone when the world was ip 
the making, Hundreds of specimens were unearthed itt a 
sore of quarries throughout the length of the Conascticut 
Valley southward from the nortbem boundary of Matacine 
sein Many of the best of these are now on display in the 
nmcum of Amber College abd io other mmeuibe the 
‘world around, 

“Hitcheock described and Ggared cracks which he regarded 
a baving been made by at least seven diferent species of 
biped anlinals The ooly known bipeds thet could have made 
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them were birds: most of them were certainly the footprints 
vf three-oed animals, and many of them sbowed that the 
toes terminated with claws. To these eupposed bird tracks be 
ave the came Orathchnites, siguifying seoay bird sracks. 
Five years of further study caubled bia to increase the list 
(of species to ewency seven, which were described and Ggured, 
‘uatural ize, in the Final Report on the Geology of Meus 
ehusetts, published in 3841. 

‘Thus far Hitchcock had fonod no proof that any of the 
‘racks were made by quadrupeds; bat coaby of the footprints 
‘were 40 similar to the tracks of reptiles that he desiganted 
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‘Teo epene of Frolwer Stnand Bacascs “ersabcnen” fom 
Tenaiegy of Nw Engiond (839 Avot ont try arrest ak 
them Sauroidichmites, or tracks resembling those of sauriana. 
‘To the others be sow applied the name Omithoidichnites, 
or tracks resembling those of birds, The next year, however, 
‘he announced the discovery of the first “certain evidence 
‘that any of the numerous tracks upon the sandaote of the 

Connecticut Valley were made by a quadruped.” 

By this time interest in the footprints had spread abroad; 
Lyell, Owen, Murchison, and otber leading geologists of 
‘Europe announced their opinions. Murchison, for example, 
after considering the enormons size of the tracks that must 
have been made by the New Zealand sioas, “confessed that 
‘the gigantic bones from New Zealand, evincing as they did 
‘mast unequivocally the existence even in our own times of 
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‘birds an large as any required by the Asmerican footmarks, 
hhad removed his shepticiam, and that fre fad no besitation 
in declaring his belief that the ornithichmites had been pro- 
duced by the imprints of the feet of birds which had 
‘walked over the rocks when in a soft and impresible state.”* 
“This seems to have been the generally accepted view among 
sgrologizs for at last twenty years, despite the fact that, oo€ 
tee another, certao of the footprines supposed to have been 
rande by bipeds were revenled on newly dicovered slabs of 
tone asthe tricks of quadropeds, and hence ruse have been 
‘Produced by reptiles rather than birds 

‘At las. in 1860, Rowell Field, a farmer of Greenfield, 
‘Mauachusetts,an webote property some of the earliest known, 
peciment had bees found, for the fet tine in print volved 
bia own opinions, He gave briefly and modestly the results 
Of his experience in collecting and observing and announced 
itas his opinion that che traca had all been made by reptiles, 
‘That the anicans that made them usally walked on two feet 
Ihe admitted, but he coorended that zhey could au well have 
‘walked on four bad they chown. To proat of this he added: 
“We find tracks at pertect ar if made in planter or wot 
which, to al appearance, as t0 the number of toet abd the 
‘phalangial or lateral expansions in the toes, agree perfectly 
‘well with thote of living birds, and still we Know, by the 
imprestion: made by their forward fret, that these foul 
tacks were made by quadrupeds”* 

Fleld’s coociusion was right. Beginning in 1093, che pet- 
ified bones of slender dinowurs have been fourd in the 
‘Trine rocks of the Connecticut Valley in a wafciently good 
state of preservation to permit the redoration of their skee- 
tans and give an adequate coocept of their body forms and 
locomotor habits. Some were quedrapedal, but many walked 
{nu semi-erect porte upon their bind ‘ego akime. There ix 
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‘now no quettion that the fost foorprints of that region 
‘were made by dinowru and their repatian kin. Once more 
a scientific argument tas been settled, not by polling the 
opinions of exper, but by obtaining additional information, 
‘Tae ORIGIN OF GLACIAL BOUT 

And now we must return for a moment to the Diluvialises 
‘whom we temporarily abandoned 2 few pages back, for they 
played ac important r8Je ia the comesy of errors from which 
‘emerged the truth concerning the Great Tee Age. Strewn 
across the landscape of the northern United States, Canada, 
and northwetem Europe are innumerable boulder, large 
and mall, of a great variety of rocks, many of which are 
‘wholly different from the bed-rock of the locality where the 
boulders occur. ‘These “erratic,” together with the accom 
ppunying deposits of clay, suid, and gravel, have long been 
appropriately known as “drift.” The material had evideonly 
‘been spread broadcatt over hills and plains during some 
comparatively recent episode in geologic history. Quite matte 
tally the Dituviatins Glazed it as just anather bit of evi- 
Hence of the world-wide catastrophe recorded in Biblical 
annals as the Deluge. Even today such débris it will desig 
‘nated in an occuiona) sciatic treatise as “ditovinan. 

‘What seems to be the earliest reference to the drift in 
North America is found in a letter from Benjamin DeWitt 
published in 1793 in the Transactions of the Phaledeiphia 
Academy of Science. DeWitt had noted the great variety 
fof rocks 0 the shore of Laie Ontario. “Now, it is almost 
impouible.” he wrote, “to believe that wo great a varicty of 
tones should be naturally formed i. ove place and of the 
same epecies of earth, They must therefore have been con- 
veyed here by some extraordinary means. ¥ am inelined to 
believe that this may have bora eficced by some mighty 
convulsion of nature, such a8 an earthquake or eruption; 
and perhaps this vast like may be cousiered as one of those 
great fountain of the deep which were broken up when 





$0 THE sToRY OF HUMAN ERROR 

four earth was deluged with water, thereby producing that 
‘confusion and disorder in. the composition of iu surface 
‘which evidently seems to exist.” 

‘Such satements ere quite characteriic of the mental atl: 
tude of the Diluvialits of a century ago, both in America 
and abroad, Auributiog the diJavinm to the Noachlan cxtat- 
‘trophe in vague and general term it all very well, but when, 
‘one considers the details af the mechanics whereby boulders 
2 big as 2 house are transported overland for sores or 
Ihundreds of miles even the most orthodax har bis doubts. 
Perhaps “earthquakes or erupcions” must be summoned 10 
the aid of the food waters. The suggestion wat even made 
that during the episode of Divine punishroent, earvived naly 
‘by Noth and bis fellowepasiengers in the Ark, the rotation 
of the earth was suddenly stopped: im consequence the ocean 
waters were catspolted forward and swept irresistibly aver 
the highest lands with velocity adequate forthe tik of trant- 
porting the buge boulders to their resting places, 

‘Bot Gover scrutiny revealed another obsacle to the theory 
that flood-waters were responsible for the “drift” Peter 
‘Doteon, 1 Connecticut cotton manufacturer. writing in (85, 
described boulders which were unearthed at Vernon, Con- 
necticut, during excavating preliminary to the erection of 
cotton factory, as “worm smooth om their under side a9 if 
door hy their having been dragged over rocks and gravelly 
earth in ope steady position.” They also sbowed scratches 
apd furrows on the abraded parts. He could account for 
‘these marks only by assaming that the boulders had been 
‘worn when, nuspended and carried in ice, they were pro 
plled forward in the wrter. The drifting icebergs off the 
Labrador coast, be thooght, eight well iUlustrate the coo- 
itioms and methods of the process 

‘This explanation reccived the bearty approval of Sie 
Roderick Murchison in hit annivermry address before the 
Geological Society of London in 1842. Once more the ortho- 
1 marie Towra of Since 1 woe Yl. 0 (OA, PR ep 6 amd 
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dox Diluvialias were at case. Icebergs from the northera 
seas were vinualised as playing tag all over the interior of 
Europe and North America when the Deluge wan at its 
‘imax. Not only were the moncs exbedded in the lecbergs 
‘worn and scratched, but alo the solid rocks of billa and 
valley tloper were grooved and polished where the berge 
van aground or dragged bottom while en route. 

‘There were, however, a few doubting Thomas who 
‘were skeptical coocerning the ability of icebergs to do the 
Heroulean tasks that the Diluvialiss demanded of them. 
‘Many an arlent mountaineer bad noted the morainic ridges 
beyond the margins of the glaciers in the Seebound valleys 
of the Alp, and a few, such ax Kuhn a 1787 and De 
Sausgore in 80g, had correctly interpreted them as evidence 
ffm formerly greater extent of the ice in that region. There 
‘onld be po queition in the mind of an observant Alpinist 
that Wada ice was eotupctent to transport huge era as 
well as vart quantities of finer débris, and that it could 20 
axratch, furrow, or plane the rock floor over which it moved. 
‘The only wonder js that the suggestion chat glacial ice was 
‘raponuible for similar phenomena at places remote from 
the Alpe was 20 Jong delayed. 

Tn 3832, Beruhardi, an obscure profesor of forestry, fit 
proposed the glacial theory to aooount for the drift in noeth- 
a Germany. He made the raggesion “that the polar ice 
‘once reached clear to the southernmost edge of the district 
‘which Is now covered by those rock remnants; Usat this i 
the course of thomands of yeatt, gradually melted beck 
to is presern excent; that, therefore, those northern deposits 
ttwut be compared to the walls of rock fragments which 
arround ulmow every glacier at varying distance, of, ia 
‘other words, that they are nothing other than moraines 
‘heh thas enorme tne et tind om fs grad] wir 
‘traval.”*# But Sembardis brilliant deductions 
ode, and lew not unl Lule Apa (s8op1879) chase 
S14 Rentarth Kirbuch for Mtnenticke ~ 
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ploned the idea that i was given even the courtesy of 
severe criticiam. 

In 1840, Agamiz demonstrated to the misfction of his 
scientific colleagues “that the entire mamif of our Alps fas 
bbeen covered by an immense sea of ice, from vehtich great 
rofl darned wo te dp of ihe mrounting low 

His further contention that “at the end of the 
feaepisl ech NALA etc te urbane fe As 
‘the earth was covered with an immense sheet of ice... which 
‘extended to the south as far as the phenomenon of erratic 
‘blocks, surmounting all the inequities of the sartace of 
‘Eorope at ir existed then, Sling the Baltic Sea, all the lakes 
‘of porthem Germany and Switzerland, stretching beyood 
the boniers of the Medicerranean and the Adlantic Ocean 
sand covering even all of North America and Asiatic Rute 
‘was not 90 favorably received. And, indeed, he had 
incloded sltogetber 000 much territory, ss we now koow. 

Bue it vas not the aten of Agasizt iocaheet that raited 
the storm of protest; it was the very ide of widespread 
refrigeration. The “glacial nightsoare” became at once the 
imue in many 2 heated discusion. Was this not proposing 
4 catastrophe far more unlikely and hypothetical thaes the 
Noachian Deluge to which all minds bad long been ad 
usted? Aganir met the challenge io the only scientific way. 
For ewenty years he studied the earth's murface at every 
‘opportunity, fst in Europe and ‘ater in North Amnerica. 

Gradually be amassed such a body of data coocerning the 
Ainribution of morainic débris and erratic and the loca 
ton and mature of ariated and ice-marked surfaces of bed: 
rock that even che Diluvialia, if they lived long enough, 
‘were convinced, Probably the one moxt infloential bit of 
field data wow that found near Edinburgh io Scotland, 
where a tablet may be seen today coumemorating the event 
‘To this place Agumiz brought severa! of the moat dogmatic 
defenders of the iceberg theory. An overhanging cliff di- 
played at its tase deep longitodioal scratches underneath 
ani Apt Brokat rer fs Gaon (Ment, Be 
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1 farting ledge. Obviously no iceberg could have left i 
autograph in wich 2 reces. Only glansl ice spreading over 
the land could have pushed into the hollow below the over- 
hang to sculpeure the bed-rock and engrave its surface. The 
Glacial theory was validated. 

‘Still a major error remained. Agawiz and his contem. 
‘porarica for 2 long time thought and spoke in terms of a 
por iceaheet, spreading southward fom the icebound 
“roof of the world.” It is naw known that the icesheet af 
the Great Toe Age were not polar io origin but ha their 
centers in Scandinavia, Quebec, northwercrn Canada, and. 
eluewhere, ia latitudes twenty to Ubiety degrees southward 
from the North Pole. Frou these ccnters they spread in all 
Gicections, northward as well ax southward, infuenced by 
local clumatic conditions and topographic features, 





‘Tee omcot oF Tux HARTI 

‘The desire to know how the world was made is cevtainly 
as widewpread as human geography and probably as ald as 
bbuman history. Creation stories ace an euential part of al» 
mot. every body of folklore. Tkroughoor moar such stories 
there runs the same fundamental heme. In the beginning 
there was a primordial substance, generally dewnbed a 
‘more or Jeu chaotic, and some sort of Maker or Creative 
‘Being. At fist, boch were at rest: then, out of the stillness 
‘ame motion which in some way produced light, and out 
of the light came all creneed things. After creation evil en- 
tered; after evil coe the deluge. But in the midst of the 
deluge the mountaintop appeared, and upon the ruins of 
the Old Earth the New was constructed. 

Even in the heyday of Greck scholanhip there was no 
improvement 20 these philosophical speculations. Not until 
the excly part of the seventeenth century was there any 
serious attempt to replace 4och subjective imaginings by 
induetive reasoning bued apon quasttative obtervationt 
(of the vestiges of creation. René Desartes (1596-1650) 
‘blared a new trail when he announced his faxoous principle 
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of the constancy of the amount of motion or “omentum” 
Jn the univere. If chat principle ix accrpted, it becomes 
ponible to reson backward from effects to crmea Only 
thas can any scientific answer be discovered to the question. 
‘how the world was made. 

‘More than a century elapsed, however, before Immanuel 
Kant (1724-1804) publihed in 1755 the conception that 
‘the ordered universe might bave been produced merely by 
mechanical forces acting upon x vaporous chaotic mass 
I is quite likely, ehough, chat Pierre Simon Laplaor (3749 
1827) developed his Nebular Hypotheris of earth origin 
cotirely unaware of Ram's contribution to this subject, Be 
‘that as it uy, it waa in 1796 that the fint wholly scientific 
explanation of the origin ofthe earth was published. Laplace 
vas the fire to cut loose entirely from religioas dogs and 
aque references to “attractive aod repulsive force” or to 
‘“whirle of movement.” His oebular Irppotheris seemed 20 
adequate that for almost a century after his death it was 
ecepted aa orthodox scientific lore. Only within the last Sew 
years bas it been generally dixarded as erroneous. 

Laplace called attention to the fact that all six planets 
‘known ta ascronomen of his day move around the sun from 
‘west 10 east in almost the sme plane, that all moons oF 
satellites then known move in dnailar direction around their 
controlling planess, and that the aun rotates in the same 
ection upon fu own axia. As a matter of fact, pot until 
oeae auch information as that was wvailable could any seal 
attempt be made to construct x scientic explanation af the 
origin af the earch. No smaount of geological knowledge cooled 
bbe sdeqoate for much a caik. The exrth is a weber of the 
colar symem, and astronomy must come to the sid of geology 
‘whenever we probe back to the beginning of earth history. 

‘But by the later part of the eighteenth century artron- 
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able ordetlinews of its severe parts, Laplace therefore sug. 
fated that af some time in the past afl the matter in the 
solr rpniem—aun, plancis, and moons—tad omstituted 2 
Siguneic oebula of exeemely rarefied and Bery hot gas, 
shaped Like a discus and whirling in the mids of space. 
‘As the gucous nebula cooled, it nocemrily contracted, 
nd in consequence its velocity of rotation increwsed, in 
seconlance with the principle of contant momentum. At 
J the ceatritugal force developed around the edge of the 
whirling disk sous bave equaled the force of internal gray: 
iy which kept the nebula iotct. Further cooling and shrink: 
ing woud rewuh in the separation of a ring of gas which 
‘would continue to revolve io the mune direction and at the 
same tate as that of che entire nebula at the time of its 
separation. This process woold be repeated until ring had 
been formed in wificient umber and at appropriate dis 
tances from the center of the nebula to provide for each 
planet in the solar erieo. Each ring would become aggre- 
{ted into a ball, which woold perpetuate its revolutional 
velocity and would route forward becuse the outside of 
ach ring mast have beeo spinning faster than its inner tide. 
Each planetary sphere of gas would proceed to coo) and 
brick in the sume fabioo as the parent nebula, and some 
cf them would drop rings of gas from their equators to 
form the several moons which now revolve around certain 
cof the planets 
‘Thus Laplace explained all ube facts oown in his day con- 
» relations, andl motiona of the various 








tn diteetion of revolution, regular incresse in revolutional 
velocity from outermost to innermost planet, would all 
be 1 comequence of the simple principles under which his 
gaseour nebula was transformed into the solar eyrtem as it 
cooled and contracted. 

‘The earth nus began its bisury a4 2 ball of incandewent 
gas having a dlameter at least ewice an great a the distance 
from earth to moon, As the gat cooled and condensed, after 
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the mooa ring bad been dropped. would begin to liquety, 
sand in time the rartace of the Liquid sphere would solidify 
to form the rocky crust through which the liquid intesior 
would occasionally exude during volcanic eruptions. Such 
ideas were eagerly welcomed by anineteenthcennury geok 
‘ogina as entirely in harmoay with prevailing concepts con- 
‘cerning the origin of igneous rocks ané the condition of 
the earth’s interior. 

‘Progrenive cooling of a rapidly aging carch scented. par- 
ticularly appropriate to those who ascribed the coal of the 
farofl Carboniferous Period to tropical clivaates prevalent 
throoghout North America and Europe. The deroanstration, 
that glacial clientes had been widespread in middle latitudes 
ducing the Great lee Age, in whose “dhadow” we are living 
today, fitted nicely into the cient picture. But as the mine 
tecnth cxntury waned, many geologian and astronomer 
wwere [ooking with growing scepticism upon the Laplacian 
acbular Iypothesin. Glacial deposits were found in pre- 
Cambrian rocks, a half billion years old. The plant fossils 
of the Carboniferous coabmeasutes were ideatiied a indica 
tive of catopantively cool rather chan eropical climates 
Serious discrepancies beeween the mations of several mic 
bers of che solar ayer and the requitemcents of the theory 
‘were discovered. 

‘To make 2 long story short, it is now known that the 
ark and its companions in the sun's family could not 
omibly have been originated in the manner suggested by 
Laplace. The outer moooe of Saturn and Uranut, quite 
‘unknown until loug ater the death of Laplace, revolve in 
the opposite direction 10 that required by ‘his theory. 
Phobos, the inner satellite of Mary revolves three times 
‘while Mars rotates ence. Whereas the revolutional velocity 
cof Mercury is x9 miles per secood, the sun rotates o slowly 
that a point on its equator moves les than two miles per 
second. The equatorial plane of the sun is inclined five 
deqrees from the plane of the orbits of che planeu. Te 
sepirate the earth ring from the Laplacian oehola thar 
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ppebula must have bad 1800 times the momentusa now por 
semed by the earth, Venus, Mercury, and the sun. 

‘The real diffculey is found im the fact that because of 
the slow rotation of the sun in contran to the swift speed 
of the plane a they chile it, dbe momentum pomested by 
the mvtem as whole is concertrated in the planets. About 
lone-eeventh of obe per cect ofthe rant of tbe entire solar ays 
tam carries gp per cent of ie toeal moment of momentum. 

During the fint two decades of the owentieth century, 
TT. ©. Ghambertio and F. R. Moolton developed a wholly 
iflrent concept of the origin of che earth and gave to 
the workd the Planetesimal Theory. To explain the curious 
ivrittion of omentum within the solar system they sug- 
ated the idea of = dynamic encounter between the sun 
and a pawing star. Hf another star approached clorely to the 
‘wun, gravitons) atraction might cause the ejection of solar 
imuterial whlch would acquire angular momentum at the 
‘expeme of the encrzy of motion of the star as it pased by. 
‘The cjeced camerial eight subsequently be orgenized into 
Planets, satellites, and other bodies pertaining to the solar 








(to thle view, the exrth i an offspring of the 
sun, but has inherited wae of is characteristios from an 
‘unidentifiable star which contributed to its birth, a couple of 
billion years or 40 ago. This concept of a biparental origin 
for the planets, resuiting from the close approach of the 
sun and a sar, is generally accepted among astromomers and 
(geologins today. There are, however, many differences of 
opinion concerning the precise details of the encounter and 
‘the ennuiog, event. 

‘Under the Planetesienal Theory, ebe earth is pictuced ws 
having been built up from « counties umber of tiny bodiet 
the planetesimals-by x process of accreion. Jeans and 
Jelireys, on the other band, maintain thac the earth is the 
Teault of the condensation of a fragmene of a filament of 
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830 THE STORY OF RUMAN ZERO 
‘extremely hot gas drawn from the sun during the encounter 
with the other star" The differences in the jurenile history 
‘and invernal comtitution of the earth are of grext siguite 
‘cance to geologists, but not enough facts are at present 
‘available to permit the reodering of a verdict in favor of 
cither variant of the theory. 

Indeed, there are verious obstacles to the unqualified ac- 
ceptance of any of the ideas conccming the origin of the 
earth that are oow being entertained. Ruel), for example, 
closes his reomt masterly survey of the subject with the 
apt though dimppointiog euggation that e may bave suc- 
ceeded only a litle bexter than Browning's philowopber, who 
Jud “written three books on the Soul 

Proving abrard all writuen hitherto 

‘Aad patting us to igocrance aguin.” 
Certainly, when our thoughts are rurped tnwards 40 compli: 
‘eied and obscate a problem as that of earth origin, ie is 
{important for us will to keep an opeo mind, remembering 
‘that here if powbere else ia science the latest episode in the 
sory of error is not mecesarily the last. 


a re Sr Te is ons at, 
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ERROR IN GEOGRAFHY 


By John Leighly 
Our ITaMATE DEPENDENCE upon the carth—the source 
fox sustenance, the acene of cnr labore, and the final recent 
{F owr mortal dut—hes Berne ebtace Lo the cay eceptance of 

a) a simple object of aisitcresied bserstion. Geography het 

had at all times &0 soeggle agua subjectivity x judging the 
qualities of the different parts of the earth. When it has yielded 
{o this ubjectioty, the exth has claimed aitenton atthe eral, 
the nursery oF the shcling place of mankind. Viewing the earth 
in ths light, every people has tended to ooeretimete the O- 
hal of vate in Sh he heme gon cups high 
a eal of in occupies « 
‘aot the very highest, rank. The classic example of this subjective 
‘cutuation of ropons i prezentad below in on? tecton dealing 
Tih the habitable sone, TAW hind of eror It may be remethed. 
‘har not wholly diteppeared with increased Anowiedge: the 
“American wl rcewes the conmmuseraions of European acquaint 
‘enc on his having to line in an uncomforteDhy low laitude, 
tod om this side of the Atlamtic @ chorus of indignant protest 
[Beeson ottemps to colonineinseriar alate. 

"Brom that have grow out of objective curiasity cancerong 
the earth, which occupy the larger pert of the pretent chapter, 
Aiplay a greater veriey thaw thase which stem from deeprocted 
preference for the famihar, Theve ere, first, the hones erront of 
liguomence, illustrated below by the efor made to wang defeite 
<imensions tothe earth end the lds omit before the echnigur 
of the necenary mearctementt wet adequately developed. Others 
‘dere their peculiar qualities from the fact tha, bevowe of the 
(Freot sree of the carts nurface relative to what one it able to 
Shreve pertonally ia ax ordinary Bete, euch f one's owl 
de of tt te ptered at necond hand. Koery commentator oF 

= 
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imapmaher who takes an inciatice mew of the certh expen 
imelf to the danger of mahing erroncovs sstertons, verbal 
‘cartopraphic, concerung the ports e doce mot know personaly. 
‘Only the mort cautious cam ret the temptation 10 teat the 
sendnowh as if i were famiar oto extrad the lines on hit map 
beyond where they have been accuretly surecyed 

‘There ts no exdent regularity in the dusinbution of land end 
water, mountain and lowland, over the earth, Yet the Iemen 
‘mind ar Bern exireordsnansy senmalong 40 accept their div 
frbution ax irregular. Confronted with « multitude of fact 
‘hough not by ll the hnown or Bncweble Jectt-concernang the 
‘arth, ax's mind hat repeatedly ined to reduce then to order 
by means of one of ss Jaconte inchs she asenbing of compl 
‘ated phenomena to simple cous. Wet there uncertainty, 
the sieteenth and seventeenth centunc, whether the southern 
hemisphere conquted mainly of rater or of land? Then com 
luone were drawn from conderations of symmetry of the 
two hemupheres, end the learned world soberly concurred in 
the optnon of Edward Brerewood, thet “the earth should 1m 
nsuecrable measure ond proportion lift st selfe and oppeace 
above the foce of the t0a, on the South nde of the line at tt 
doth on the North." No geneeluscions such at thu, however, 
‘that Rave aimed Le predict the dsinbution of land and 1 im 
tenknown perts of the earth, or the relief of unexplored lends, 
‘have proved senabe. 

‘The erron ducuses below are such as have been rectified by 
ample obseration, not by econdute shen rewetches; and 
‘ch es have buen corrctes once for al, except for deta, With 
the pease of time and the bringing of almon the entire ares 
of the exnNs natace within the horaon of the known, the 
ebportunines for the commision of much errors have become 
Progressvely more jrmured. A! the same tine, mquery into the 
(qualies of the earth's rarface end the allempi to explain them 
fo Phyoical grotmnds have opened the gute to cod of ervnt 
i the phyncal imterpr‘ation of terestval Phenomena. Errors 
ofthe last-named sort, fm contrat the simple erort thet con 
te corrected by the obrerostions of the merest layne, form 0 
part ofthe general ux of sient thought, ta which the dazeng 
Aypothesis of today becomes the sccepled dogs of tomorrow 
sand the ouigrowm error of the dey chter. They are left out of 
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consideration in the present chapter, however, in the interest 
of wnity of hind among the errors cauracreted, 


[HE TRIMARY ERRORS of geographic hought may be 
ther cxtore ig the general concepts “earth,” “land,” 
“wea,” "mmosphere"—the receptacles of the isolated facts 
‘of obgervatiog o¢ tepoct—or errocs ux the facts themselves, 
‘The errors that have had infvence in sxence have revoled 
mainly from escribing to unknown parts of the earch quali= 
ties deduced from observation of the aown partx and from 
preconceptiots a1 to what, on vnch on carth ar ic imagined, 
these unknown parte should be ike. 

‘Eston af factual detad about unfamiliar plhces belong 10 
the commonest faults in our individual szocks of knowledge. 
{may be that in the rwenteth century we sin lew grievously 

this reapect than did our medieval ancestors, who 20 
‘cepted rountains of silver and golé, grifins and baslishs, 
tiled and dogheaded human beng, ax elements of their 
‘wental pictures of remote lande. We may smile supercliously 
st on: forefathen for being 20 gullible, but woth a Lisle 
flor we could certainly mach ther error of fact from 
the intellectual umber of chose we meet daily. 

Such errors do noe really form a pare of the annals of 
scientific thought. If we with to form an opinion of the 
errors commitied in thinkang about the earth in the dark 
ages of European intellectual hinory, it is better to examine 
the deductions from the general concept “earth” then made 
‘to expla common terterrial pheoamena Consider, for 
‘example, the manner in which the ssinted Isidare, Bishop 
‘of Seville, writing about the year 600, discussed the cause 
of the tides He quoted Solinos (x Ite Roman eollecior of 
ccrumbe frou the nch table of ciasical science) as seying 
‘that there a7e passages in the deptbe of the ocean, Hike si 
tile of the world, through which itn breath is alverately 
‘nkaled aod exhaled, 90 that the waters of the sea are made 
to fall and rise. He reported the opinions of others, that 
the tea ries and falls with the waxing and waning of the 
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‘moon; and of «ill other, that the von and staru draw water 
from the ocran to temper their heat. "But whether the 
‘waters are raised by the blowing of the winds, or rise with 
the waxing of the moon and withdraw as the toon retreats 
from the sun, oaly God knows, who made che world, and 
tm whom alone ita woekings are known.” Ove wbo resigned 
‘curiosity about Nature as completely at did the good Bisbop 
of SeviUe could commit no scientific error that can interest 
‘Ws ooday. 

“The geographic errors of Europeans become interesting 
again only ater they recovered the fertile ides of the exrth 
lac by the ancien, which came back gradually into cur- 
reany between the years ux00 and 1900. The moet influential 
item O€ ancient geographic writing chen recovered was the 
Geogrephy of Claudins Ptolemy. writer in the second cen- 
tury aD, which became known in western Zurope in the 
‘Shteenth omntury, much Inter than the mums xntbor's astro- 
omic writings 

Paolemy’s Geography was a poor vehicle fr the tram 
misslon of the geographic lore of antiquity, bat it was 
‘enough to simulate w lively curiosity concerning the exrth. 
Kc gue to the medieval European, whose learning had al- 
ready been rather choroughly cuted and alned by three 
centuries of the study of Arincile, a new end stirctive 
image of the cart. Though be might draw monsters in the 
lank rpow oo Ptolemy's map, there was 10 Toor on Ptol- 
emy’ earth for impaumble oceans or otber olticane barriers 
tw free movement on its spherical muriace. It contained, it 
is troe, unknown lands, but no anerly unknowable lands. 
Is had Sefinice dimemsioas, xo that one could translate one's 
‘travels Into area of latitade and Looginide, and arce of lat 
tude and langirade into distance wo be traveled in pasiog 
{roca any one place to another. Ic gave the European a iew 
‘general concept “cart.” from which he could deduce much 
‘concerning the parts of the suriace of the real earth that 
‘were not known. 

Puolemy's model of the exrth wat the wespon. by which 
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the real carth wat congucred intellectually in the Age of 
Discovery. To uring it heroic deeds were dane: we can will 
render the most profound admiration to Magellan, who 
‘entured forth an a voyage of circumnavigation with com 
plete confidence in the accuracy of Ptolemy's eatth model 
Hot it had grave defects which only slowly and painfully 
‘could be dlcovered and rected; in wing it che greaten 
weographic blunders of scientific history were committed. 

‘Before the two classic geographic ecrors derived! from the 
‘recovery in the late Middle Ages of ancient geographic lore 
ae enutberated, space ray be given to a particulary long: 
tived blunder committed by the Greeks thenazeves 


‘Ax the very beginning of their science of the ean, the 
ancient Greeks introduced into the system of locating places 
fon ia surface an element of confusion which bax scarcely 
yet been eradicated from our thinking, naeoely, the pre- 
conception thar one muy judge the babitabilicy of a place 
from he Tetivade im which it lcs. It began with the gen- 
eralization chat it still che basis of the precise numerical 
Tocation of places om the earth—that the spherical surface 
(f the globe is concentric with the celestial sphere, and 
the coleatial sphere be imagined as sctionary, some point 
fn the earth corresponds to every point in the heavens. Since, 
hhawever, the celenial sphere seems to rotate about the earth, 
it in not poiows-except the poles, which are stationary points 
in the henvens-that ate tranuferred to the carth’s surface, 
hut circular lines, which become parallels of latisnde. This 
clementary relation between the heavens and the earth’ 
sacface ha been since antiquity a coctatonplace io the rudi 
ments of earth icience: at the mune ttse, except in the srict- 
x discussions of mathematical geography, it hat been mixed. 
‘with and obscured by certain anthropecentric ideas coo- 
‘cerning the suitbllicy of various latitudes for buroan habi- 
‘tation. 

Jn this confusion, judgment conceming the habicability 
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of latitudes isthe older, dating from the remote times when 
the Grecks had not yet drawn the mugnicent coaclusion 
that the earth is a sphere, They denved this jodgment of 
Ihabitability from the location of their country with vexpext 
to other lands with which they early became acquainted. 
‘Almost at the very shores of the Euxine~our Black Sea— 
‘begin the severe continental winters of Scythia, news of 
‘which came early into Greek ic knowledge. South 
of the Mediterranean the desers of oorthem. Africa were 
10 near aa to become known even earlier. And in the same 
latitude as theae deverts, but farther ear, is the great dry 
Interior of Arabia. Our modera thinking on the subject 
cf cheate separates faurly well the ideas of beat and dry- 
fnew; but the old Greck geography pot these together, be- 
‘cute the warm sewon in die exntern Mediterranean in also 
‘dry. On the other hand, the shores of the Mediterranean, 
incl, atrevching far to the weet, porscwed a climate recom: 
tized as uniform with that of the Greek setlements When, 
a a renult of Alexander's Asiatic campaigns, a part of As 
in the same Inticude as Greece became kDoWwn, the obuervt- 
tioas made in the east did oot greatly disturb the image of 
1 narrow habitable strip of territory situated between leat 
Dospitable stretches to the north and the south. 

kisa short and eany nep from che recoguitina of unplear 
ant qualities in areas close at hand to the extrapolation of 
these qualities toward more remote part where they ray 
‘be supposed to become intolerable. Scythia was readily in- 
terpreted ax Tying om the bitber side of a part of the exrth 
40 cold a4 to reader life imponible. Toe tummer heat aod 
rypets of northern Africa were certainly only a firetute 
of en ‘utterly parched condition to be found in the lands 
farther south. By such reasoning the habitable earth became 
‘an intermediate sip to which approximate boundaries 
ould be sct on the north and the south, but which toward 
the east and the west was limited omly by the allaurrounding 
‘ocean. This accepted form of the habitable earth impressed 
ifmelé upon fundamental geographic concepts to such an 
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‘extent that we will usc the word “longicude"—hat is, lengsh 
for the meamure of intervals of distance in ag exstwest 
ireetion on the earth, and “btitade”—breadth—for intervals 
in a nombsouth diterdon. By the mete wse of there wordt 
‘we obey the injunction of Strbo, writing at about the 
beginning of vhe Christian era, that when speaking of the 
length aod breadth of any part of the earth, reyardlem of 
‘tx shape, we should call its “length” its dimension drawn 
pponllel to the lench, is “breadth” the dimension parallel 
tt the breadth, of the whole habitable earth. ‘Thongh today 
‘we place theae dimensions in relation to a spherical surface 
‘ihich haa neisher length nor breadih. we we the terms in- 
‘Vented for the purpose of referring any part of the earth 
to a whole having the akape af a helt, which even on % 
sphere is defined by lengsh and breads, 

“The recognition of the spherical forma of the earth, which 
‘may go back to the sixch century 2.¢, brought confuson 
by transferring certain special circles from the beavens 10 
the ear, Before any Koowledge war gained concerning 
high or Tow laticudes, accurate conclusions were drawn 35 
to the lengths of day and night and the height of the tun 
im the sky in all lattades from the equator to the poles. 
From observatian of the heavens came the special parallels 
the eropier and polar cicles, which define accurately the 
‘elu of the carth-the “ances” of traditional mathematical 
sgrography-wichin which there is a certain uniforanity in 
the vequence during che year of relative length of day and. 
aight and of noonday position of the sm. 

‘The sones formed what at firt must have seemed a vala- 
able mithematical confirmation of the balKirrational dis 
tinction beeween habitable and uoinhabitable belts on the 
‘arth. Older Greek grographic writings discuss the relation 
between the zones and the belts of habitability. Strabo re- 
cords thac Parmenides (oho lived in the Sh century 2.2) 
‘was the fint 10 divide the wart of the earth into five 
2oney, bat that he almost doubled the aree of the hot sone, 
‘making it extend into che temperate zone, Parmenides thar 
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‘wed the quality of uninhabitability rather than che boubd- 
ing tropics) cies in defining the hot one, 20d made his 
‘uninhabitable hot some extend northward to indude the 
‘African and Arabian deerts between latitudes 40° and 35°. 

Ariaotle, x century later, pushed the sorthern boundary 





the paced equatorial bel dlgly beyond the gop The 

10 push the poleward boundary of the 
toward the equator and to free the 
quexioa of habitabilty from dependence upon the stro 


Skrabo maps that Posidonius, in the secood century 1.6, 
introduced a refinement into the identiécation of climate 
by mupporing that the hottest and driest belts are not along 
the equator, bat in the vicinity of the tropics, since here 
the von remains overhead longer than at dhe equator. We 
should express this latter observation by saying thar the 
declination of the aun changes more slowly near the solstice, 
‘when the sun ii overhead cear the tropics, than at the 


ff 
i 
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fruieful than ar che tropic. 
‘As for Serabo himself, he defined very carefully the ex- 
tent of the habitable bel, which for him was rather com- 
pletely divorced from the scheme of aseronomic zones. He 
Ioeated the habitable belt berwern the parallels of about 
19° go’ and 5° go’ north laritode, leaving a narrow unin- 
habitable srip ut the equator. Strabo was especially emphatic 
‘on the question of the nocthern Tisnit of habicabitity. 

weornfully rejeccnd the current account of an inhabited i 
and, Thule, supposed to lie on the Arctic circle. For bim, 
Teme (ireland), which he placed nomb of Brimin io lat! 
tude ge” go’, wae tbe las northward limit of the habitable 
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carth—leme, “where the people live miserably and like sav- 
‘ages on account of the severity of the ool.” 

‘The early Middle Ages drew upan cocopilees who wrote 
in Latin and who transmitted a few good and ouany bad 
ideas from Cauical antiquity, Isidore of Seville discused 
habitabiliry in sricly schematic terms, to far as one can 
jndge from ing confurion of the terms 
“earcle" and “sone.” He called the bot mone and the cold 
some uninhabitable, limiting habitability to the intermediate 
zones, both north and sow. “But chase who dwel) near the 
‘uammer tropic ere Ethiogans burard by the excemine beat." 
‘The later Middle Ages knew Arisotle, and acquaintance 
with bim brought order inte whe geographic writing dove 
in the thirteenth century, in the ime of Roger Bacon and 
Albert of Boliade, called Albertus Magus, Albert admit. 
ted that it was not known by experience how much of the 
arth was habitable and how much not. Like Poridonits, 
be appeala to the Wawer movement of the wup in dechna- 
tioa wien it is above the tropics than at che tine of the 
equinones in order to explain a greater intenmty of heat 
near the tropics than near the equator; and be granted to 
the vicinity of the equator a “temperate” character. though 
‘not 1 temperate as that of the middle tatitudes In dis 
‘cuning the babitabiity of low lativudes be was chiefly con- 
cemed with the periods when the sun is at venith, The 
regions between the tropics become intolerably hot, in his 
opinion, only at these times of the year. Albert readily 
admitted the habitabiliey of a “temperate” zo0e in the south 
em hemisphere, and even the posiility of crouing the 
‘equator from one temperate ome to the other, 

‘Among medieval writers on geographic matter, Pierre 
SAilly (1990-1480) deserves particular attention because of 
the influence his writing exerted on Columbus In bls 
Imago Mundi there is no evidence of any atterapt 10 weigh 
the copiously quoted bot coofliaing statements of older 
authors. In general, be clings to the schematic identification 
of the habluahle and uniohabtable beles with the artroomic 
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zone It wa next to a merentyped quotation on the upin- 
Iubiabiliey of the hot sve that Commbus wrote in the 
‘margin of bis copy of the Imago Munds bia inpatieat pro- 
tet: “Zona torrids mom ox maabuiabuli?—"the bot none is 
‘por uninhabitable! ‘The Portuguese sal chrough it today, 
SGading it well popniated, and bave a fort on the equinoctial 
Tine ite 

Columbus’ provest records the beginning of the fall of 
the whole doctrine that depended upon the jodgment of 
the habitability of a country by the laticade in which it lay. 
‘Acwal knowledge of the earth gained in the period of 
discovery robbed the doctrine af the zones, with its impli- 
‘ations of babitabiity, of all sgnifcance, a0 far as the per~ 
sons who visited lands in low and high latitudes were 
concerned. Among the earned, Bernard Vareaius, in the 
ride of the seventeenth ceatury, bandled the question in 
fa thoroughly rational manner: he used differences in lati- 
tude for what they are worth—that is for the conwenient and, 
accurate expression of location on the vertestrial ephere; 
sand he Uepended upon observation of the physical climate 
‘ofa place as an indication of itu habitabiity. Yet even aher 
‘Varenius generations of achool-hildren bave bad to learn 
the 1ystem of the sones, a expiation of the smug conviction. 
(of che ancient Greeks hat the narrow sérip of latitude io 
‘which they lived was the only &t dwelling place for rational 
‘nugsan beings. 


‘The error or chain of errors that, purely incidentally, 
‘had the most far-reaching consequences wat that which is 
‘eternally auociated with the name of Christopher Colurabos. 
twas, briefly, 20 underestimation of the width of the Atlan- 
‘He Ocean—nat of our Adiantic Ocean, which lies between the 
werters shores of the Old World and che eastern shores of 
the New, but of the Atlantic Ocean of the ancient, which 
lay beeween the western and eastern extremities of the OM 
World. 
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‘Any error, of whatever magnitude, made in eimating 
‘the width of the Atlantic in Columbus’ day wat a sccatisc 
error, for the eatimate itself war the product of ecientifc 
reamoning, Such an estimate involved the fundamental prob- 
Jem io the geomerry of the earth's spherical surface—the 
attainment of a measure in units of disance of the length of 
aan are of a great circle (equator or meridian circle) o0 
the surface of the earth. Once thus measure was given, the 
Jeogth of any other line oc the earth could be computed 
‘oy the familiar roles of spherical geometry. This problem 
‘Was solved at early au the third ceatury 2. by Eratonthenes 
of Alexandria, Etatosthenes learned that at Syene (now 
‘led Amun} the som is at zenith at nooo on the summer 
solttice; hence it was clear that Syene mus. lie on the Tropic 
of Cancer, He mearured the angle between zenith and the 
‘noon position of the sun on the summer solstice at Alex: 
andria, Ending it to be oneSfticth of a circle, of, a8 we 
should say. 734 degrees. He supposed that Syene and Alex- 
andria were 00 the fame meridian, 5000 sadia apart. The 
length of a meridian circle, and hence the length of any 
‘great circle on the earth, was then given by sxultiptying 
‘5,000 stadia by go, which equals 250.000 stadia, Eratorthence 
‘added. 000 stadia to obtain a tumber divisible by x60, 
and s0 obtained. 252.000 stadia as a Gnal value for the cir- 
cumference of the earth. Using the matt probable length 
Of the mation in which Erstosthenes reckoned distances, his 
‘stimace of the circumference of the earth was 24.740 Ue, 
Ascording to modern meanurements, the Jength of tbe equt- 
‘tor is 4,900 ruilen. So near an approach oo the truth exanot 
‘be ascribed to any particular accuracy on Eratoathencs’ part: 
1c was merely the renult of a canceling of errors fm che funda 
mental data. 

‘The second part of Eratotbenes’ task, as of all similar 
attempes made in antiquity. was to amign » dimension to tbe 
lands known to the ancients and to place them on the sphere. 
It was generally supposed by Greek scholars that the land 
Ibody known to them was langes. (an a1 eart-west crection) 
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at about Intirude 6° aorth, oo the parillel of Rhodes, 
Entosthenes eximaied that the lands bad a leagth along 
thie parallel auficiene to sreech through an anc of 190° of 
Tangitude, To our figure below the two upper civclen repre- 
sent the parallel of Rhodes a» Eratowbene fa sine 








and a it ia according to modern measurements, In his exl- 
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‘of Rhodes, who lived « hundred-odd years ater Eravnthenes, 
‘Posidonins seems to have given in his writings, perhaps 
aly 24 a2 example to show bow the necestary computation 
thoald be carried out, a dullerence in latitude of 734 degrect 
between Alexandria ad Rhodes, eorrespanding to an et- 
mated divance of 3.750 stadia. These data were the bast 
‘of the computation of the size of the earth accepted by 
Marinas of Tyre and in tuen taken over along with Marinas’ 
other geographic data by Prolemy. Posidonint’ arc of the 
meridian between Alexandria and Rhodes was one forty: 
‘eighth of che cireamlerence of the exrth; the cotal cia 
ference was therefore 48 vices 3.750 madi, o€ 160,000 ain, 
‘third lem than the disnension Eratoahenes had arrived at 

‘The extebt of the lands of the Old World in an eartwert 
direction war oot reduced by this new dimension of the 
globe. By the time Marinas compiled the information that 
Prolemy later used for his Geography, news had been te- 
ceived of lands lying to the eax of india, che remote exer 
edge of Fratontenes’ world. On the mrength of these re- 
ports, Mariour emtimated that che land mam extended 
through 125° of longitude on the parallel of Rhodes. Ptol- 
‘my subjected Marinus’ data to critical sihing, and arong 
‘other revision be reduced Marious estimate of the east- 
west length of the lands. He brought this length down ta 
Inalf the length of the parallel of Rhodes. Marioun’ and 
Prolemy’s views of the sie of the exrth and the longitudinal 
‘euent of the lands are alio shown in the figure opposite, 
Puolemy, the conscientious editor of Merious! uncritical 
compilation, quoted Mariaus’ views in ander to refate them, 
ord to transonitced Marinus’ dimensions vo Rikwenth-ceatury 
Europe slong with his own, 

If one accepts Columbus’ own evaluation of what he ac 
complished on his fot voyage, he vindicated Marinas’ di 
‘mensions of the earth again Ptolemy's corrections. That 
caartly the manner in which he described his accomplish 
‘ment in the letter to the king and queen of Spain written 
from Haiti in 150g, in which he reported the results of 
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‘is tourth voyage. Indeed, he went wo far au to mwcrt that 
‘determination of longitude be had made by obscrration 
cof a lunes eclipse in 2494 had shown a diterence in longi 
ade of 195° between his newly discovered lands and the 
‘cout of Spain—exacaly the difference, it wil be oted, be- 
‘oween 360%, the fll ccult of the exrth, and Marinas’ aes? 
of land, 

‘Through marginal notations in books that belonged t0 
Colueibus, we know rather accurately the sources of the 
fdeas he held concerning the Gicotnsions of the earth and 
the easrvard extension of the Olé World land muss. His 
principal source was that collection of tracus by Pierre 
Aill, Cardimal of Cambrai, commonly called from the 
title of the firs tract Imago Mundi. Columbus’ motes show 
that he was partcalarly imprened by three ideas that recur 
in o’Aillys wntnge: fim, that degree of the equator is 
3634 miles in lenge: seoond, that chere in bo great distance 
covered by the sea between the weer extremiry of Europe 
and the eastern extremity of Asia: and churd, char the parts 
Of the earth near the equator are habitable and inhabited. 

‘Only the frat two of chese eas are of ioterex here. The 
equutorial degree of 48%, miles had an Arabian origin: 
lecre d'Ailly borrowed if from Roger Bacon, who wn tura 
had it fram an Arab sstronotzer, in Europe comsonly 
called Alfragan, whose writings were translated ina Latio 
fn the twelfth century. Alfragan was undoubtedly thisking 
‘of the Arab mile, which is longer than the customary nausi- 
cal mile of Italian origin in which Colmmbus reckoocd 
dimancea, By accepting this dimension of the equatorial de- 
‘pte, Columbes made the earth, already shrasken through 
the arithmetic manipulasions of Marious and Pro 
smaller than these ancient worthies had reported i to be. 
(Compare the drawings in the Sgare on page 200) 

Pierre d’Ailly imined repeasedly, io exprew opposition 
ta numerons eathor quoted by hina, ca the nartowneat of 
the western wea. In an appendix to the Imego Mund: he 
summarized Poolemy’s Geography, mentioning the sorrec- 
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tion that Ptolemy had applied to Marios enimate of the 
coxent of the lands, bur without recording Marinus’ dimen 
sion or stating explicicly chat he accepted Marinus’ opinion 
in preference to Prolercy’s. He contiued, instead, ta appeal 
in support of his conviction to older and lem authoritative 
writers. Columbus porsued alo a copy of Peolemy’s Geog. 
sapihy, io an edition printed in 1478 This hook does not 
Dear the evidence, in the form of marginal notations, of 
the careful reading he gave to d'Ailly’s Imago Mundi, from 
‘which he obvioosly derived the principal suppore for his 
view that the westward passage co the Indies war a short 
‘o0e. Since d'Ailly does not cite any specific width of the 
ea, however, the numerical value of the widih of the 
‘Adancic that Columbus accepted mux have come from 
‘Marinus dhrough Ptolemy's book. 

In accepting Marinus’ length of the lands of the Old 
World, Columbus paid no attention to Prolemys well- 
deserved correction. He had, iomead, his own corrections 
ta apply to Marinas, which rade the gap between dhe west: 
frm end, of Europe and the casero end of Atin even sat 
rower chan the Tyrian geographer tad eatioated. Tn the 
Ean, Matoo Polo's reports indicated that the lands extended 
farther eutward than Mariows had supposed; and in the 
‘Went the Portuguese, by their discovery of the Azores aod 
the Cope Verde Inlands, bad narrowed from this vide the 
unknown part of the circuit of the earth. From there cott- 
siderations came Colarabu? own numerical interpretation 
of the narrownes of the wentera so—that the gap wat DO 
wider than 120" of longitude, a third of the length of the 
parallel on which he expected to sail westward, 

‘The final circle in the figure om page 100, which shows 
Columbus’ conception of the ane of the earth and the exteat 
of the lands, is drawo, as ate the other diagrams, for the 
‘Parallel of Rhodes. Bot since Columbus did not aim co mil 
‘westward on this parallel, bot on about a8 oorth (the lat- 
tode of the Canary Tilandy), cbe actual distance he would 
Ihave co traverse war womewta louger than it would bave been 








10g THE STORY OF HUMAN ERROR 
At he followed the parallel chat for the ancients marked the 
iFreareit extent of the lands and eonsequently the nasrawest 
part of the Atlantic. 

With the adoption of a length of the equatoria) degree 
and a value for the exteot in longitade of the land of the 
Old World, the scientific basis of Columbus’ project for a 
‘weeward pumge to India was laid. It was throughout a 
‘iuue of errors, which Columbus did not have the scientific 
Imowledge or critical acumen to detect and eliminate. Tt 
was 2 conceptual seractuze such an is characteristic of the 
napacientfic man, who draws from the woeehouse of science 
such aservions, whether scientifically tenable of 0,26 pr 
part a coaviction already arrived at by unscientific con 

ion. We do oot know what arguments Columbus 
sade to the Jearned mea appointed to examine and pass 
‘upon bis proposal, nor what data they cited in opposition 
to his plan. If he advanced the views that be later embodied 
{in his writings, there would have beeo ample reason for 
rejecting them. The men of learning in the Spain of his 
lay could not possibly accept the values he would have to 
cise, representing ube length of a puallel onthe earth and 
‘the width of the Atlantic, in vapport of his opinion that. the 
‘Orient might easly be reached by mating into the Ocodent. 
‘The opinions they held were certainly those of Prolemy; 
according to these, the distance through which Columbus 
planned to sail was far greater than the supplies he could 
‘ary on his ahipe would permit. 

‘The Columbian tradition, transmitted through Columbus’ 
400 Fernando and his hinorian Las Cams, bas given to later 
weneratians » pictire ofthe Discoverer struggling for a new 
‘den against intrenched uaicientiGc conservaten. This rep 
resentation of Columbus’ scieotiic activicy ia certainly 
falve; the more colightened bia crits were in the science 
of their day, the more fimly would they have to reject bis 
Fidienlous scientific ideas. The wander is that be ever ob- 
tained support for his expedition, That the expedition was 
‘equipped ad that e received 2 royal cotmission for bis 
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explorations was a criumph of non-scientific, presumably 
political and economic. considerations over the ber. wience 
of the fifteenth century. 

Only the wholly napredicable eximence of a New World 
‘between the West and the East of the Old mved Columbur' 
first expedition from being 2 disastrous and inglorious fil- 
sure, Except for this pure accideet, Columbus, f remembered 
at all, woukd have an obscure place in scieatic history along 
‘with the other deuizeas of the lunatic fringe of scizoce. To 
hha death, and in the face of obvervations and measurements 
that contradicted his ideas at roany poinws, be clung mort 
‘unicientifcally to the convictions at which he bad arrived 
by his reading of the works of second-rate authors, if not 
bby more dubious iotelletual ways His error, incomparably 
the moat fateful geographic error of all time, had im it 
nothing of the beroie. 


‘THR UNKNOWN JOUTICRN LAND 


‘While the geographic lore of the ancient Greeks incladed 
pomtive knowledge of only one land mass oa che earth, che 
Old World of our modern idem, i left open the powibility 
of there being om the terrestrial sphere other lands, at 
connected with Europe, Asia, of Afric, Speculation on this 
pomubilty gave rise, for exarople, to the concept of the An- 
pods, the subject of much heated theotopse discussion in 
the Middle Ages. Perhaps it waa same obscure infuence of 
this tradition, pechaps an interpretation of some informs. 
tiom amailable to Marious of Tyre concerning the eatt cont, 
of Africa and the southeasternmnoet parts of Au, that Jed 
‘Claudius Ptolemy to pot into bis geographic teatie the 
name of an unknown land enclosing the Indian Ocean on 
the south. Under its Latin designation, “Terre Australis 
Incogmita’—the Unknown Soothera Land, or, more hope 
fully, “Terre Austraits nondwm Cogmite’—the Souther 
Land as yet Unimown, it haunted maps and geographic 
Iterature for appreximately three centurien from che time 
(of the recovery of Ptolemy's Geography until well into the 
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ighterath century. Famages ta the East Indies eround che 
Cape of Good Hope, made cariy in the Age of Discovery, 
‘proved a connection by #2 berweea the Avantic and Indian 
Oceams, Bur 10 potent wat Piclemy’s anthotiry that 0 
asuount of miling 00 the open vea moth and east of Afin, 
(or into the Pacific about Ube soutbera excemiry of South 
‘America, eoald do mare than push the shores of the South- 
‘em Continent farther back into the unexplored parts of the 
southern hemisptere. 

Coriously, moat world rape drawn imnediately aher the 
dlwaveries made by Columbus do oot display the Southern, 
‘Land; ut with the pausge in ageo of Magellan into the 
Pacific throogh the long and tortwous strait named io his 
tbanor, the Prolemaic land leaped imenediaely into premi- 
ineoce on uptodate maps. And naturally enough, for the 
Jands on the western side of the Atlantic were fot yet recog 
nized ab a New World, but were identiGed as a peninsala 
extending veutheartward from the eanern extremity of Asia. 
Now Polemy had recorded the existence of just auch a 
peninnula, Ic was merely found to extend wathward barther 
than Prolemy bad supposed, and the ocean to the weit of 
5k found to be wider than Proleay had wade it. Theve errors 
‘night cally be forgivea the Alexandrine, who after all hud 
iat opportunity to learn about ehe Far East. He had rade 
this remote peninsala continuoos with the Southern Land 
lying south of the Indian Ocean, but Magellan bed found 
1a wrat beoween them. Tierra del Fuego, the lind on the 
touth side of the ait discovered by the Circumnavigator, 
‘was clearly the first part of the Southern Lane to be ditcow- 
cred. When later explores found pasages about the south- 
fem end of South America that lay farther south then 
‘Magellan's Strait, they axw other landa in the vicinity that 
‘could be interpreted 2s parts of the elusive Austral continent. 

‘Navigation from the Atlantic into the Pacifc by way of 
‘Magellan's Serait became a commonplace in the sixteenth 
century, 33 a technical pare of the consolidatian of Spain's 
colonial empire. Spanish nevlgarion of the Pacific was di- 
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rected, however, toward maintaining coupections between 
the hoceland and the new sewlements on the west ooust 





‘beyond the beaten paths of colonial administration and com- 
merce. For communication becween the werern cout of 
‘America and the Philippines, « convenient route tying north 
of the equator was eatly exablished route which utilized 
the northeast tradewinds north of the equator for the west- 
‘ward pasage, and the westerly winds of the nom Pacific for 





against the song and steady wercrly wiods that blow in 
thove laciudes, whether through the Strait of Magellan or 
Jater about Cape Hom, was generally a dificol task, even 
‘much later than the date of Spanish exploration of the wopi- 
‘al Pacifc. Once a ship reached the Paciée, is pilot turned 
thankfully northward along the westem cout of South 
Asmerica, into latitudes ia which the ship could be seered 
‘out into the open ocean and westward with the aid of 
tmidewiody which blow from the cast ia x broad belt 
‘tween 20° north and 0° south Latitude, ‘Thus the winds 
‘upon which the navigators of the sixteenth and seventeenth 
centuries depended made the approach from the east toward 
‘the unexplored part of the South PaciSe Ocean dificult 


ae 





lntitudes—the route from the west in the latitude of the Cape 
(of Good Hope. Here the westerly winds of the southern bea 
sphere help rather than hinder. This route was in use, bow- 
ver, exclusively for passage to the East Indies. always a more 
ccoticing goal than any unknown land. The map 00 page 130 
ahowa the sizte of knowledge of the lands of the southern 
bbemisphere near the end of the eatzenth century, 1s thir 
‘knowledge was expremed in the maps imued by the famous 
‘map pobliaking howes of the Netherlands, The owsline of 
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the Southern Land is in part hypothetical and in part to- 
corporates observarions made by navigatars pausing west- 
‘ward into the Pacific ty way of Magellan's Scrit and into 
the Fodian Ocean by way of the Cape of Good Hope. In 
the quadrant berween go* west and 18o* the South Pacific 
is drawn as open tea in the parts that bad been traversed 
by Spanish uhipe. In the lower let of the Sgure is the south 
exsterm part of the Indian Ocean, limited on the ean by 2 
part of the Souther Land. If one compares thi part of 
‘he map with Captain Cook's map on page 111, one recognizes 
immediately that xis coast is really the western coax of 
‘Autnlia. How it was found by some unknown mariner 
‘om his way to the Past Indies appears clearly from the prac: 
tHces of Dutch dippers in the early seventeenth century, 
Date shipe ailing thither found a better pamage by ailing 
‘atward from the southern extremity of Africa to the loo 
Gitude of Java and then turning northward than by setting 
their course northeatward trom the Cape or Madagarcar. 
‘The author of the map from which that on page 110 it dave 
placed Jama (the island at the extreme Ieét of the figure, 
‘om which “tao* F.” is Jetered) in ce sume Iooritude ub the 
‘cons of the Bouthern Continent farther 10 the south. This 
arrangement represents the suing practice mentioned, and 
odicates that this cout was draw from observation. Else 
‘where, except at Magellan's Scrat, ts outline is drawn by 
men. 











1 was inevitable thar the sccive Spanish navigation of 
the Pacific in the sixteenth century should lead to the dix 
covery of some of the innumerable islands that dot that 
ocean between the equator and 20° south latitude. Rumold 
‘Merator's map of 1587 is not = well informed 25 to Span- 
{ah discoveries anit ia concerning the Dutch. Twenty year 
volier than the date of the map, in 1568, Alvaro Mendafin 
de Ney, sailing westward from Pera, discovered the 
Solomon Iands, 2 the far westera part of the ocean, aid 
iemtied them a pare of the Souther Land. On» vecoad 
‘yorage, in 1595, Mendafia found the Merqacew Ilends, 
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aed farther west the Santa Cruz group, mbich Hes some- 
‘what cart of the Solormona 

On bis second voyage Mendats had as x rubordinate the 
‘gun who may without exaggeration be called the Columbut 
of the Southern Continent--Pedro Fernandez de Queiros, 
Portuguese by birth but loog in the Spanish service. Alter 
the return of Mendafa's second expedition, on which its 
leader died, Quelros exerted himself msceeatully with the 
ope and the Spanish Crown to obtain mppore for an 
expedition wo dhe lands he had geen on Mendatis's second 
voyage. His expedition sailed from Pent in 1603, and on it 
hie discovered the Tuamoon island group in castera Oceanis, 
and wuch fartber westward the New Hebrides, the largest 
island of which be took to be actually part of the Southern 
Continent. With mach pomp and ceremony fe took powet: 
sion of the “continent.” naming it “Austnalis det Expinty 
Sento." The island thus christened, pitifully insignificant 
{in compariton with what be thought it to be, is all called 
by the later patt of the mame he gave it. Something 
approaching a mutiny amoog dis crew caused Queiras to 
return from here to America without following up his dis 
‘overy. Alter yenry of weary eflort to obtain support for a 
second expedition to his newly discovered continent, 
hhe died, leaving the quertion of the southern land wnan- 
svered. 

Queiros did not hesitate in pleading for support of his 
explorations to link his mame with that of Columbus; and 
there is much io his misionary zea, bis perseverance in the 
face of bureaucratic obeacles, nd the obstinacy with which 
‘he insisted om the Sdentiry of the lands he had discovered that 
‘temiod one of the Genoese. His conviction of the identity 
‘of hia Ausra lands was absolote: “The greatnes of the land 
‘newly discovered, judging from what Tanw ...ia wel enab> 
Tiabed. Yes length is as much as afl Europe end Aila Minor 
as far atthe Caspian and Pena, with all the islands of the 
Mediterranean and....the two islands of England and Ire. 
Jana” 
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‘Judging from what he srw in the South Sea? Only in the 
wee Ont the seeker after something intenscly desired gen- 
rally finds what may be interpreted at the object of his 


‘exnggerate mightily dhe area and wealth of the West Indian 
Aaland. 


By the time of Queivos the enthusiaem that had supported. 
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a oentury of Spanish discovery and conquest had faded, The 
Columbus of the Southern Land was unable to obtain 
means for a voyage which perhaps would bave cleared from 
the map the land of bie search. ‘The torch of exploration 
in search of the unknown continent passed inia the hands 
of the Dutch, who went more soberly about the quest, 
for the rake not of uncounted Austral souls awaiting salea- 
tion, but of more tangible worldly goods. We have fat 
1o mention the expedition of Jacques Le Maire and Willem 
Cornelitzaon Schouten in 1635-1616, financed by the Dutch 
‘Went India Company. The Dutch Sast India Company had 
‘by ies charter the sole right o> navigate through Magellan's 
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Seralt for trade with the East Indies. By means of the Le 
‘Malre expedition the West India Company crutily sought 
to gain acces 10 the Eat Indies by finding a paamage aboot 
South America south of the Forbidden Strait. Le Maire’s 
expedition found it easily enough in Le Mrire Strait, 
between the eastere tip of Tierra del Fuego and » land 
they discovered and named Staten Land, now Sttco Island. 
‘Le Maire ideatsied Staten Land as a part of the Southern 
Continent, The further course of the expedition lay along 
‘the familiar Spanish route in the Pacic, and so conuibuted 
othing to the Knowledge of the Pacific sector of the 
‘unknown land. 

‘A more comidenable contribution was made by Abel 
‘Tauman, who was sent out in sGge by the Dutch East India 
Company from Batarna by way of Mauritius for the specific 
purpose of “discovering the unkoows and undixovered 
Southern Land, the southeastern coum of New Guinea and 
the islands lying thereabout.” The inutroctions given to Tas 
‘man embody the belief of the functionaries of the East India 
‘Company chat io “the remaining wokoown part of the globe, 
lying in the sowth and presumably cesrly ay large ws the 
Old oF the New World.” there was good reaton to expect 
“che discovery of ctany excellent aod fruitful lands, in the 
col, teciperate, and hot sone.” Even if po land were dis 
covered, these excellent merchants would be satieied to find 
that the South Sea wes open and provided a clear pamage to 
Chile, with which country profitable commercial relations 
might be extablished. 

‘Asin 0 often the case, Tasman's expedition did not yield 
a deBnitive answer to the problems it was experted to salve. 
‘Tasman sailed eastward across the Indian Ocean, discovered 
the island now called Tammania, and then reached the 
‘western coast of New Zealand. From Nett Zealand be con- 
tinued northward to the Tooge and Fiji ands, and 
returned to Batavia by s route panting north of New Ciuinea. 
In his report on the expedition Taxman expreated the opinion. 
that dhe aca vas open to the east of New Zealand, basing his 
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Jadgment om the fart that he encountered 2 heavy swell from. 
the southeast when he paused the northern end cf that land. 
‘This auurance did nat satisfy his woperiors in Batavia, wo in, 
their report to the authorises in Holland grumbling'y 
remarked that if Tasaan “had sailed a few degrees farther 
south, be well might have encountered land, even Staten 
Land, tat...may extend all the way to Le Maire Strait, 
peshape even many miles farther eutward.” They, 
Qucitos, were judging from some such emp a the original 
of that on page 110. 

‘Tasman’s route is marked in the map on page 113. It def 
aitely cut off x large area from the ponible extent of the 
Southern Continent, and proved au definitely that New Hol 
land, which later inherited the name of Terra Australis, it 
‘not attached to any southern circumpolar land mast, But 
‘Tasman found « bithenio uoknown cous, that of New Zea- 
lund, which as immediately available a3 « potential shore 
of the lang tought continent. After following the already Jong, 
story of the Southern Land, one is not axtooisbed to find 
another Hollander, Jacob Roggevero, embarking in 1784 00 
A vouch not greatly diffrent trom ‘Tmman’'’, undertaken 
‘cighty years eazlicr, Roggeveen added nothitg to the available 
information wouoerning the waknown land. 

‘Thus it remained for that prince of navigators, James 
Cook, to anmwer the question “whether the unexplored part 
of the Southern Hemuiphere be only an icmeme ett of 
‘enter, or contaio another contioest, as speculative geography 
seemed to suggest.” That it Cook's formulation of the prob- 
Jem anit appeared over a hundred years after Tatmam. 1¢ is 
‘written in Cook's accouat of his second voyage, that of «778 
VV the object of which be described concisely w “to put 
an end to all divenscy of opinion about 2 matzer so cutious 
and important.” 

How thoroughly Cook scoured the South Pacific Ocean 
in order to obtain a final anrwer to the question be ws st 10 
fesolve may be seen ém the map on page 111, drawn from the 
map tht accompanied the pablisbed account of his second 
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voyage. The map shows the routes he followed on hia two 
expeditions inro the southern hemiapbere, No land mass of 
any coosiderable magnitude could estape the met of tracka 
he threw acrom the wuthera ocexs. Alter his farthest thrust 
southward into che Antarctic, and in view of the ive barrier 
‘which prevented hit penetration of will higher latitudes, 
‘Cook, could with good reason write that he was “now well a 
iséed no continent was to be found in this ocean, but what 
‘must lie v0 far to the south as to be wbolly inacceatible on 
‘account of ice.” We may mill be veel content with Coot’ 
answer, though we should hesitaie to stamp che word “inne 
cexsble” on any pare of the map of the earth. The problem 
of x specifically Antarctic continent was not che ane he wb 
suked to eolve; be left room for that problem when contest 

ting the ive bartir that etopped hion at bis farthest south: 
“And yet 1 think there mest be some [land] to the South 
Uehind this ice 








“Tar tcr-ane nerEaion OF GREENLAND 

‘Too often, ip our intelectual arrogance, we speak a if 
modern modes of scientific thanking were a maficicnt pre- 
vventive oF egregious err. Yet it appears tbat exoncoms 
Judgmeats concerning unvisited parts of the eatth have up 
to the present been corrected by direct observation, not by 
improvements in methods of speculation about what lice 
‘beyond the horizon of known parts For che purposes of 
chin chapeer it is unfortunate that the earth bas been too 
‘well known, the unexplored parts of it too small, to provide 
a really searchiog text of the ability of modern science t0 
predict what would be found when some unexplored arce 
‘was Bnally visited. It has dxus been imposible to commit 
any such heroic erros as the belief in ao Avatral continent. 
‘One crroc may be cited, however, that very nearly qualities 
for admision iota the company of the greater geographic 
‘errors of the past. I qualifcations are the magnitude of 
the country involved and the scientific eminence of the 
mun who committed the ert. The country is Greesland, 
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and the erring scientist was Adolf Erik NordenikiGld (2833- 
1901), who won his widat fame by Jeading the expedition 
on the ship Pegs that travereed for the firt time the “nordh- 
cat poange” from the Adaotic into the Pacific. Io the later 
part of the nineteenth century Nordenski6ld had more 
‘Arctic experience than any otber living acientis. 

Tn 188s, some thace yeara after his retura from the historle 
voyage of the Pegs, Nordeaakidlé orgunized an expedition 
to Greenland, the principal objec of which wat ta invewi- 
ate the Interior of chix great liland (or cantinent, os be 
preferred to calli), which 90 one had yee penetrated. Some, 
including himself on en exter expedition, had ascended 10 
the edge of the ice that everywhere approaches oF reaches 
the coms, and bad been unable to see anything toward the 
interior except an expamse of ice. Some had drawn the coa- 
clusion from these observations that Greenland is covered 
by a glacier of continental dimensions The other voati- 
ental glacier of the present-day earth, that of Antarctica, 
‘was then even Jews knowa than Greenland, 99 Uuit there was 
no precedent for belicying that xo Jarge ant accursulacion of 
ilacial ice extted, The glaciers that were known were moun 
tain glaciers or such relatively small icecape as thove in Toe. 
land and Spitsbergen. Nordenskiold had explored one of 
‘the Spitabergen icecaps, and so knew by personal observi- 
tion how puny an accumulation of ice, in comparison with 
the area of Greenland, the climate permitted there, far up 
near Go° notth, the latitude of the mott northerly part of 
Groenland, He held the conclusion that Greenland is cav- 
ered with ice, draws from 1 scanty observation, to be 
“wholly unjustifed.” “On the contrary,” he argued, “the 
{ollowing considerations seem: to indicate that oo the whole 
‘tina phyncal impombutiy that the interior of an extensive 
Continent should be completely shrouded in ice under the 
climatic conditions that obtain south of 80" orth latitude 
‘on our globe." (He planned to strike in'eod froma che west 
‘coast in about latitude 69* mocth) 

‘His argument for the ponibility—even prohabilityaf the 
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interior of Greenland's being ice-free ia voll convincing. tt 
[proceeds from a definition of the circumstances under which 
(mow accumelates to form glacien: over 1 period af yearn 
more mow must fal! than can be melted in the summer 
‘This condition must be folflled at the source regions of 
i! glacier, lncloding these wich come down ta the tet 
‘along the Greenland cons, The ewential question wal, 
‘where are the sources of these glacen? Js there 2 great 
‘common source in the Interior of the land, or is the source 
in narrow mountainous strips of country that surround 
lower interior? From the observations made about the mar- 
int of Greenland, cither care wae within the range of 
pomibitiy. 

‘The diagram om page 117 isa alight aboration of x draw- 
ing Nordensii8id published as part of bis argument for the 
pourbility that the interior of Greenland is not covered by a 

theet of ice. ‘The snow that falls to accumulate in 
the forzn of glaciers is precipitated from ase that copes froma 
‘over the sea, The occasion for dhe greater part of the soow- 
{all is the cooling that resulu from the ascent of the marine 
air up the seaward slopes of the land. But if the intetioe of 
the land is lower than the highlands about its edge, this air 
will descené in panting inland from the marginal moonains 
and be warmed in its descent. Indeed, sf the sar descend to 
‘the mame elevation it tad before the watervapar in it was 
condensed oot as mow. it will be sctually warmer than before 
it ascended: for there will have been added to the sir the 
“Uatene" ext that ia released wheacver water is conderued. 
‘The principle thus xppealed to is farciliar; it was fit 

‘an Gxplanation of the wars and dry “Fohn” 
‘winds of the northera Alps, the name of which is given to 
all warm and dey winds of the mame origin. wherever they 
are found. 

‘The argument is unexceptionable. If the glaciers seen. 
along the edger of Grecaland are formed from saow that 
{alla oa a marginal highland, and if the interior of the land 
‘mums is low, che winds that reach tbis interior mast be rela- 
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tively wars and too dry to ovotribuee enough mow to main- 
tain 4 permanent cover of enow and ice. e folowa that if 
the opinion of those wha beeve chat all Greenland except 
‘4 narrow coastal margin is covered with ice is correct, the 
profile of the land mux be diferent from that down in 
4 below. Rather, the land mast be shaped as is shawn io 
‘d"hive the form of a dome with an upper surlace thet 
Aopes yently and regularly toward whe seu.” Oo a land 
surface having this form, sow aay fll all dhe way into iss 











obtain there will prevent the melting of what Jittle doe 
ll, and thus even more may be accumulated und be con 
solidated into the ice of glacier than on the marginal slopes, 
‘where higher temperacare meh much of the abundant sow 
at falls, 

‘Again, the argument is coxvincing. Bur why, ove asks, 
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may not Greenlacel have the form necomry to maintain a 
cover of ice, much as it appors to have accomling to the 
observations made about it margin? The interior of the 
Jand being unknown, one judges what it must be from the 
nature of the surfaces of the lands that are known: “We do 
not find such 2 form in any of the continents of the globe 
howe relief is known, and one can therefore with the uomost 
probability aarume that Greenland docs nor powea it. On. 
the eoorary, the geologic character of Greenland, which in 
many respects resembles that of Scandinavia, indicates a 
‘relief much like thar of our country consisting of mountain 
anges and peaks shernacing with deep valleys and plains 
It ia even grofmble that the mountain backbone in Green- 
abd, wp in Sweden, England, and North and South Aroerica, 
sruna ia the longest dimension of the country along is 
‘western coat." 

‘Acgumeat by analogy, in other words. In Nordcoshibld's 
drawing, from which a of our figure is adapted, oot exly 
recognises & generalized profile acrom the Scandinavian, 
‘peniosula from west to cast: a glacisted backbooe nearest 
‘the sea, and 2 lower, broader area on the eastern ride, ice- 
free and blewed with sumecers which may be uncomfortably 
‘warm, even in the latitude in which it was planned to pene- 
trate the unknown interior of Greenland. 

“That is not quite al there is to be sid. Even more funda- 
mena} than the familiar structure of the Scandinavian 
peninsula, which was cleariy in Nordenski6id’s mind when 
bbe sketched the original of our figure. was 2 preconception 
of the relief appropriate ta a land mass of the site of Green- 
land, There wat involved, that is to my, a definition of a 
‘ontinent—not in terms af area or elevation above sea-level, 
but im terms of a certain general structure exprened ia the 
distrbotion om it of highland and lowland: 2 definition 
abstracted from the deniled contemplation of continenss 
‘more acteaible and better known than the land be planned 
10 explore. 

Nordetakidie' expedition of 2883, planned ax the crucial 
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experiment which shovld snewer oace for al! the question at 
inmue, was the fit that actually reached the interior of 
Greenland, Tt found eheze only the monotmour icesbeet 
(at Inter expeditions have made fariiar, The observations 
then made were not, howewr, vite condusive, und the 
leader of the expedition wat not coovinced that the inland 
{ce wat continuous acrou the whole width of the fand until 
[Nansen crossed it in 888. Nomeroas crouings since then 
sake it probable chat Grecaland, under its mantcof ice, isin 
fact shaped like the profle drawn in b of our Sgure. Norden 
sbld'e exor was in the venerable tradition of judgments 
concerning unviated parts of the cath, though his deduc 
tions were couched in terow of the best ear science of the 
Jute nineteenth century. In Elpiuea it author is cereinly 
not excluded from the Honorable company of those whe have 
purvaed geographic error to the remote ends of the exh, 
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THE PHYSICAL REALM 


Cuarrer IV 
ERROR IN PHYSIC 
By W. F. G. Swann 


‘Tiix PRESENT CHAPTER, as tr titie amples, seeks to single 
rut those realmt of lyscr where erver has fleyed it prt in 
‘etardng progresscrror, forthe mast par, in 0 pantie rather 
than negative rile; ero ative rather then pase; error which 
eu too wildly thet which seemed at though wt should be and 
‘hunnad,oftines, hat sich wat; erer which ganed sublemct 
sot 19 much from bod matenal or from mistakes of the exper 
mente’ at from the wrge ta fore the facts eomleble to man ia 
a mould to which they were Uifited, 

With this purpose im mind, it has naturaiy been neces) 10 
amet much in the sirace that it of intevet. The chapters 4 
[ychapethic sick rather than @ normal story of Pict; at 
29ch, 1b runs the denger of leadang the exanformed reader tothe 
Ae that the whole science w ack. 1 is tre thatthe sichaess, 

ome form or other and to some extent, has threatened cry 
part of phonics forthe road to ultimate seen is often the road 
of trial end srvor. Neverheley, thre eve ta Be found In our 
teuence innumerable healthy oftpring. Among thaw ae the 
racially wieble things that pets has gern tothe world. In 
{uct the ofsprng, when schooled by the guudence of experience, 
‘haw shown heath and an ficiency fer Dons what might have 
‘bean hoped from the frequently exbeathy porens of which they 
ier born. It wes the experements of Micha Faradoy and of 
‘Feseph Henry, made in early Victorin times end guited by 
imental peteres which seem rather Buse todey-it wat the 
experiment, sided by thote oldfeshioned picture, that hoor 
‘poun the modera dynamo and motor end oll che appliances of 
‘oder electrical machinery. Tt wer there experimen that, 
‘then olewed through the mathematical rind of J. Clerk Mar- 
tell, se or the Beginnings of wiclen telegraphs. 1 war m 
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days when the mode of aperetion of the sleciic botery was but 
itt weadertood thet the telegraph was born. It was in an age 
‘when man had but the waguest concept of how electricity owed 
through « vite that the telephone sppeored. 

i iso featene characteristic of mast of the discoveries that 
‘ave Beem of wiilnarian vale thet they came as the result of 
‘efor diveced with na wtlteien end én vies, Towerd the ond 
of the lat century physicists eve interested in the proces by 
‘Dhich etectriiy ie conducted through gait. It mas necestery 10 
iment and improve pump to produce high vacua, wiih the 
revelt thatthe pumps and technigue smociated with them todey 
an produce acws more thon ten thowand times os perfec et 
swore attainable before these investigations started. It 1 10 this 
davelopracnt of the art of producing high vacua thet we owe the 
tlectric honselomp of todey and a muatude of other appliances 
Suef in the ais of Ute 

‘Thirty yours age it war known that wires geve off eleciicty 
when healed, and physicais Beene intersted in how ond why 
‘they did s0.'At that time it wondd hardly have been pounhle 
ta thinh of «Line of iouztigation having ln to do with thinge 
of wiliserian value; yet i¢ was thew invesugations when com 
‘ined with the modern methods of broducing high vacua that 
‘provided the esentiat alements for operation of the svodern 
Arey tube, the radio tube, and all the hundved end one devices 
‘wed in wireless telegraphy, vircla ieiephony, transcontinental 
‘able operstion, motion-picture recording, and endless other 


Th teemed 2 emell matter that slireciolet light war shown 
to pons the power of eqeciing eleciticity from racial. Tet it 
fe to the fact, purmued ood ndied for purely scientific reaxs, 
that we ome the pholodlactric phenomena, emon them the 
snvens by which the wieeleu tranemizion of pictures has become 
ponible. 


Tha dincoorry of Key, more or Ses by accident, fried. 
12 new tool for medical science. At fit that tool wer ane only 
for photography of bones ond the Tike through the truer of 
tha ody. Soon, homever, if war discovered that the reg had 
Bherapeutic Properties of untold alas in the cura of dissa 
Phyiclity became intersted fx the nature of Xewpe. They had 
1£ napicion that they wore something lke Bight; if that were 
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410, they Should. give eerisin cheracteritic phenomens when 
allowed to fall upon 4 regularly spoced tractive, much at gral- 
ing upon a metal of fine lnct raled parallel to each other end 
sear together, No ruch effect were ford. It was suspected that 
the reeson wer that @ clorenes of ruling suficient for the fran 
fovs of light wee not auficiently clo for Xray; hence the 
Physicist huened to patterns of regularity mors finely grained 
than those which could be made by ton. He turned 10 those 
Aegelartics of structure made by Neture whack eve character- 
iste oferta structure. In a fash the X-rays rerponded to thee 
ulate; when allowed to fell wpom eryols, they revealed 
4 st of Phenomena which threw am immense light not only 
pon the nature of X-aps themucloes, Dut also spon the nalure 
of ergtalsrmcture. 

Aira immediately these new phenomena found a place ix 
(he utcltarian field. The power to detect fans, strain, end other 
ddejecs in structural mater, suck ax rieli of immense valve 
iin metaliargy, The new method of Xray enalyie provided o 
‘meant to look at the matter from the point of view of the 
cryualitne stracture of the rectals inocioed. Tt wer ax though 
edie! science, having formerly known the neture of ingenics 
and malformation fu tssee only by such thing! ax general di 
coloration of the perts concerned, were suddenly presented with 
4 micrexcope by means of which the individual ects could be 
studied. Xray anaiyis enabled a tore refined end detailed 
examination to be made of many guestions periciing to the 
iructure end condition of metals than would have seemed 
posible two or thvee decades ago. 

‘The discovery of radiam and of radioactivity provided ws with 
another set of rodiations wuefal in. medical science; end the 
ttudy of alt there things excited our curity wore and more 
at to the wltinate nature of maiter and as to the structure of 
ftoms end orolecules. As there various Phenomena of pict 
became bom to our Rnowledge-Xeeys, radlectcity, phe- 
‘nomens concerned with epticabatomic specrs, phenomena fro- 
tuced by sitroviolet Tight, corte roy, and 90 forth—they all 
converged i their claims om one central parent to acrount for 
ther existence and properticr. That poreat wat the elom, Each 
of thee phenomena placed certain demends wou the parent, 
nd 40 we came to Anow more end more about ils wetute. 
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Theory ond expevincst went hend és hand. The sigifeance 
(of the relation of she veriour etoms to one mother beume 
leary ond cles. No longer were hydrogen, chlorine, sine 
from gold, ec, imply & heteropmaons conglomeration of ov. 
Tiles Gepased throagh scandent by Neuve tm the nieve. 
They now appeared sx mambea of = great faraly, the tela 
thonthip of whch to one enother we begin fo endertand. The 
geiong areem of the ahem, the toarmation of the ele 
iments become no longer « fri dren; for today the com. 
{eri of our element tnie nother i becoming commonplace 
that. Not yet con ve perform thir feat vith Inrge quantines 
of material; but a good brgwming hes berm made, end it it Wo 
longer pastble to roger et hefelen anise hin eho would 
ttn lead nto gold Phowgh si fr that we think that he who 
would de thie robably mises the enemil point im hs desires 
for we now Anow that the transformation of one etm (0 ar 
ther toate, frequently, release or absorption of large amounts 
of emery 10 tht if our alchemist of old could tonvert his 
ounce of lend nto gold, he wowld find hat the nergy released 
fn the proces would he enormeualy more valuchir han tht 
{old he had produced. He vould be beter adowed 10 et yp @ 
povereupply plant then « jewelers shop. 

In the development of the tots to dissect the atom, examina 
sta nructare, and daw Ht Leth, srange new devices heve Been 
swolneddevicer for eveating very gh wolage, devices for 
foing peter of matier very high energy: and with Use 
dances many sange thengy ort Being acomplahed. BY bom- 
bering the elements of ater wth these ighenergy pati, 
At har been poatbie to endow many of them with some of the 
properict of radium. 11 has been poanble 10 put them into 
Condition Which they spontanconty ett redsatons on ther 
um ecru, redatons valuable fn the care of date: 30 that 
Iefore tong we may be independent of radia for our medical 
triatents and may vely spon new materials of matt coe 
making. 

“And now, having made ax introduction to show that mat all 
that cient hat done has been fo create err, et x hemble 
awnelor and enter the fapchopathic laboratory of phytic, that 
te uy 122 hog the imopination of an bas id Ki, by devi 
‘elds, with may sideshow, dele, and with indulgence in 
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many phitaopihical vices, to zomething which me believe to ap- 
‘proach nearer exd nearer to the ultimate trath or the ages go by. 


AMONG the chic auiser of the ert in phys sands 
‘one who bas always been regarded at a most highly 
respected member of the community of thought. His name ix 
““Gomzmmon Sense.” I fear thia watement wil shock many who 
Pride themielves on their reverence for this rmuchlauded 
authority, who woruhip him almont a3 2 god, and who see in 
him the most conservative and guileles of guides in the 
exploration of the uochatted seas of Natute's mynerica. 
‘Now, I shall not deny chat “Common Sense” has bi snerita 
Jn bis proper domain he is a counselor of pricelem value: 
and it is because be justly inspires such confidence in that 
domain that he becomes the mast dangerous of deceivers of 
those who seek bis guidance ootside it. For “eammon wens” 
seeks to pin all thoughts of the new to the fabric of the olds 
thus ofttimes i¢ distorts the meaning of the new by dettroy- 
4g Uhat form which was inberent in it in ita own righty and 
for no purpose other than to ft it to a pattern with which it 
bas no kacmooy, The revult isa bizarre and shapelens ching, 
‘out of harmony with the form foto which it has been forcod 
and out of harrouy with the form Unt was itt own, Com- 
‘mon sense in natural philosophy repatterns itself from age 
to age. At each stage of its development it seeks to general- 
Ite ehe ideas born of the experience of the immediate patt 
tnd to weld them into bonds which sometimes restrain the 
fauare. Thus the breeders of error in the epoch ta come 
‘are sometimes the tratbe of che days that have gane. 

Tn the common sente of ancient and medieral times inant- 
‘wate thiogs moved in orderly fashion only when they were 
carried; and 10, knowing of no buman sgency capable of 
‘caring the mun around the earth, men attributed the feat 
(m supernatural ageacies, of the mame genera! kind at the 
natural ooes but presumably more potent. Tbus, to the 
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Egyptians the universe was 1 box. Around the edge of the 
‘bor ran a river, and on this river traveled a boat which 
cartied the mua. In other schools of ancient thought the 
van was carried by an angel. Here we set an camaple of 
another fendsmental priociple which again and agsin bas 
bored error in science, one active even to this day—the prin 
ciple of weking comfort ia an explanation chat invokes the 
ction of wome agency about which we know so litle dat 
‘aobody is able to deny that it may act in the way reqaited, 
'No man could transport the waa; bat an angel wes a aufi- 
dently mysterious being ¢o enable ane to rest content in the 
‘ied that he could do anything. His position was rendered 
still more impregnable by the fact that, being 2 supernat- 
tral perton awociated with the gods, any doubt as to hit 
powers verged oo wicrilege When the “mam in the street” 
today sees an “explanation” of something that seems mye 
terious to bim, he no longer iovokes angels in name; but 
Ihe often does what amounts to the sume thing. He attributer 
the mynerious phenomence vaguely to “magaetiam” or to 
some other highaounding mame pertaining to a beanch of 
science about which he knows eficiently little to be wnwor- 
tied by any complains from tat acience itelE at to the 
‘pouibility o€ ies bearing the burdeo exit upon it. 

‘Bot to retura to common sense: Experience taught = mat 
‘that when he was moved, he was jolted. Even in reasonably 
smnooth motion he could feel the jolt. But he mlfered 10 
jolu as he lay peaceably upon the earth. 11 vas probably 
‘common seue thar suggerted therefore that the earth was 
‘a rest and that the heavens moved around it. 

‘And then, at reason developed and the angela and thelr 
Uke were felt to be unsatisfactory, cammon arase, having by 
‘this time accepted ioto ies reales the principle of x sation- 
ary fon with planea revolving around it, sought 

sophincicated reason for that motion in the supposition of 
the exinence of an alhpervading medium which whirled 
‘the planets around the gun like corks in a whir)pool. Otben 
‘referred the supposition that the planets were supported 
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in invisible expat spheres which revolved in the besvens 
‘carrying the planets with them. The sound of these epheres 
in motion was supposed to be perceptible wo a few chosen 
[Perions sensitive to i. On the other hand, the great Kepler 
sought turmonizacion with reason in supposing that the 
nun cartied spokes which whecled che planeu in thelr echite, 

Common sense sechs alway £0 interpret the unknown by 
sawlogy with the known, This, in imeli, i not bid. The 
great danger of common sense lies in it too frequently 
seizing apon and magnifying the non-easentials of the sicua- 
toa to the extent of neglecting, or even sacrificing to them, 
the claims of the enentials. The important thing about the 
‘motions of the heavenly bodies was the geometrical regu- 
larity of that motion. "The important things 10 emphasize 
‘were those principles which now permit ut to foretell the 
state of the eavens & thousand years hence in term of its 
‘State pow, The angels gave nothing of that story, The boat 
(of the Enyptians, Keple’ spokes, and Descartes’ whirlpools 
‘were equally silent on that question. ‘Their silence 
‘have mattered muuch lew were it not that what little they 
Thad to may, if maid, would have denied the iad 
the logical consequences of their story heen demanded of 
chem, 
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scRINGR AND PREDONGETTION 


‘But while man bas erred in seeking in the new too clove an 
analogy with the old, while he bus erred in seekiog 100 
‘materialeic an explanation of the mew at materialism was 
‘understood in bis day, he has occasionally gone to the other 
extemethe extrem of absiractness. Fired with enthusi- 
sama over some acheme of regularity of principles in some 
‘branch of arithmetic or geometry or in ome creed, he bas 
tought to force all the phenomena of Nature into the form 
that has tickled bis fancy, Tika, to prove to his own sitar 
ton that the warld is periect a philotpber of ancient tires 
ergoed thu: “The world ia coutposed of solids. Now, solide 
have three dimensions. But threr isthe mott perect mumber, 
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“We do not speak of one ar a oumber: of fo we ary both; 
‘but three in the Grst number of which we ary al. Moreover, 
has a begioning, a middle, and an end.” The Pythay- 
forean school placed minch weight oo the propertios of mum 
‘bem as symbolic of the wtructure of the univers. Much elsted 
toy the discovery that the length of mings that gave any 
‘ote, i fifth, and its octave were in the ratio of six to four 
‘to three, they afirmed that the distances of the planet from 
the earth must be representative of a musical sequence, 
‘which was incorporated io the “music of the spbere.” 

‘At 2 much later date Kepler sought to force the frarve 
of the onivene into harmony with x certain geometrical 
esign, Af x cube be inscribed in the sphere containing 
Saturn's orbit, the sphere contaioing Jupiter's orbit will 
jum fit within the cube; if a tetrabedron be now inscribed 
in Jupiter’s ophere, the sphere of Mats! orbit will just 6t 
withia it, and vo on for ali Uhe five regular solids To Kepler 
this fact, now known to be only an approximation, was 
probably signiScant of a design made intentianally by the 
Greator, a8 am artist might paint 2 picture. The Greeks, 
fren much to philosophy, had sought to decide how the 
univene mumt be fukioned by arguing from certain pre: 
conceived notions founded ulimately upon beliefs which 
‘were regarded prenumably as obvious or suggested by the 
suppated habits and characteristics of the gods. Thus, the 
‘Atigotelians argued that Nature abborred a vacuum, a 
bbelieé which pervinted uotil the seventeenth century. Tor 
celli (1608-1647) showed that if a tabe closed at one end be 
filled with mercury and inverted, the mercury will stand 
vp to the top v€ the tnbe only if the tube i¢ le than 30 
inches long: evidently Nature's abhorrence of a vecuusn was 
limite. The fundamental postulate that the universe, having 
‘been created by God, must be perfect. combined with the 
‘idea that the circle was the periection of symmetry, led to 
‘To rage soli es Yaving a of ls gs, fam, and aa 
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the belief that the plaoets must necesarlly more in cic, 
or if not in eirdes, chem in curves compounded vat of cies, 
“Ths portulte, originally iormulated by Hipparcus (scood 
eencory xc), led finally to complexity upon complexity 
‘uncil the Savereign of Castille, when the system was ex- 
lained to bim, was driven to remark that had he been pret 
‘ent when tbe universe was constructed, be could have given 
the Deity some good advice. 

Ta the achool of Arise the falling of Bodies to the exh 
vas reqarded rather a 3 desire on the part of the body 10 
‘nite with the earth theo a revult of a continued pull on it 
‘ich as was suggested lazer by mechanical considerations, The 
feeling of Aristotle was to the efec that the greater the nize 
of the body, the scronger its determination to get to its 
ratural goal, and the greater, therefore, its speed. of fall. 
‘The curious thing is that such a belief should have perstted 
for two thousand years without ics truth being tested by 
experiment. The basic reason for the belief, fimsy as it 
appeus to us today, seemu to have bon stronger in its 
appeal than the direct evidence of experiment. For even 
‘when experiment showed the falsity of the arguments, there 
‘were those who sought to save the principle by sccking in 
the experiment discurbing causes which resulted in its truth 
‘being apparently vitiated. 

Toward the begioning of che seventeenth cencary, In a 
‘world reeking with the dogmas of an ancient past and Srey 
in the grip of the philosophy of an all-powerfal Church, we 
find Galileo, a youtg enthusiast enjoying the princely aipend 
(of fifteen ocnte x day as profemor of mauhematics in the 
Univenity of Pia. He bas dooe a very wicked thing. He 
Than invented a telescope, by which man cao we i the 
hheavens more than bis unaided eye could show him. Sach 
a device must most asutedly have been inspired by the 
Devil; for had man been iotended to are uhese things his 
‘e7et would have been made so that he cold see them. The 
‘Young upstart trying to improve upox the creations of the 
‘Almighty. has only bimself to blame if the Devil is allowed 
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to bewltsb his impudent device #o as to cum it to reveal 
‘to him blarre monstrosities which cannot exist in Nature. 
‘The young man has asserted that Jupiter hus mooms attend: 
‘aot upon bim. This is likely to upset everything for the 
Florentine wtrooomer Franco Siz! tas cogitted upon 
the mysteries of the univer as revealed to him with the 
senses that God gave him. He fas observed that there are 
seven days in the weck, seven openings im the bead, seven 
metals (us he thought}, and I belicve be found x few more 
sevens. The number seven obviously had a saywerions sig 
nificance. There should be seven plancarry bodies, and 30 
‘more. Moreover, according to the doctrines of the comaioa 
sense of the day, all of these things were made for the benefit 
cof man, the crowning achievement of creation; no common 
seose would obviously decree as nonsemical the creation of 
anything 10 oselea au aelltes which the eye could Dot see, 
which consequently could send him po light, and which 
‘would thetefore be utterly uielest 0 him. It was wnthink- 
able dhat the Deity should ceate much thing. Bot young 
Galileo has done cven wore. He hus curnied his obnoxiout 
applinnce upon the sun and bas found spots upon it wacace, 
1 it for a young fitteen-cencaday upsart to find blemubes 
‘upon this mowt perfect of all heavenly bodies, tbe waar? Nol 
‘The young roan bas had the efrootery to question the per- 
fection of Nature, and Nature bas hurled back at him 
through his telescope a mau of falsehoods, that be may sce 
‘Nature as a madman sees it, and as he deserves to see it 

‘at the worse is yet to come. For Galileo has buried hime 
cif with the infant science of motion and has dared to 
dispute the great Arigotle. On the basis of certain experl- 
‘ments in which he hat actually observed the fall of bodies 
‘rom the top of the Leaning Tower of Pisa, he bas eismed 
‘that Light and heavy Bodies fall at the abe rate, 

‘Today the ideas born of Galileo's revearches on motion 
form the foundation of our mou conservative chinking. 
‘When we can sce phenomena ina new realm acting in a 
manner explicable in terms of motions that can be chought 
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of im the ame sense as Galilzo and Newton pictured 
the motions of the heavenly bodies, we feel that we under 
srand them, Thar which was nonsense 10 the contemporaries 
Of Galileo has become the common sense of today. And 10 
firmly has it become engraved in our coniciousness that 
only with the greatext ecrain of che ieampination hae the 
Physics of the lat few yeas gained courage 10 adraace ell 
further, to x realza of thought where once again ane mu, 
seck a new bats of corcmon sense, a basis in which even the 
awa of Galileo sand shore of any ultimate Claim to a fun 
damenia! ebvioumess xpart from tbe fact of their experi- 
‘mental truth over the restricted realm of pheooens chit 
they covered. 

Jn. aritiiring the attitude of mind of the cntia of 
Galileo and of the Greek philowophcr, we must be careful 
Jest we throw monet fom glam houses It is not became 
Francexo Sizi sought in the propertice of numbers the 
comelation of the facts of the universe that we should laugh 





of nomic tracture will show that, io the Iaet anaipis, out 
‘theories are based upon the properties of mumben in ® 
manner which, from the sandpoim of a naive concept of 
reality, ia as artificial as the mental meanderings of Simi. 
[No it is not oa she basis ol artificiality Usat we mut criticize 
‘these ten of bygone Gaye The hypothe and dogmas of 
modern physica difler from those of the ancicnts fot 9 
such in the matter of arcificiality ap in Ube fact that modert 
Inypotheoen arc chosen with Nanare as 2 guide, They wre 
cchoven 20 as to fit Nature, whereat the hypothewe of the 
ancients were choseo ofttimes trom principles having no 
‘immediate connection with Nature or with the branch of it 
tunder discussion, and this choice was then followed Wry an 
attempt to force Nature into them. It is as though two 
[Perions should view a plerate or design which, 2t re glance, 
ems dificult to comprehend. The Git, epmbatic of the 
ancient point of view, ms: “I will ery to understand thie 
plccure by showing bow its lines cam be contracted by com- 
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pounding chem oot of a series of circles of different sizes 
tnd positioos, became I believe the circle is the perfection 
‘of symmetry, that the artist was a good one, and that there- 
fore he mu bave designed the picture on the basis of 
Circles." The second student of the picture, eymbolic af the 
physica of today, sayz: "Nol I see 50 resson for starting 
with circles. I will form no precooccived idea, I will eave 
sy tind open a tothe Fandamensa forme that have guided 
fhe artist until T fod thove forms Then, when I chink 1 
shave found them, the sicoplicity with which I can reconstruct 
the picture out of chem shall be say guide as to their worth. 
‘Teare not if L have never thought of these forms before: 
their pawer 1a correlate the features of the im the 
picture abalt give them all the prestige they need for me.” 
Poribly our seodent may find that a figure 5 or » figure 8 
‘may be the form that he chooses ultimately. ‘The object of 
‘modern physica isto seek in the facts themselves some start- 
Ingpoine which may be taken as the hey-oote or notes of all 
the other facts, 40 that those other facut may follow as a 
‘natural consequence from them. 

Perhaps the frm great and typical eusiple of the depar- 
tore froan these older paubs of thought which had never led 
(to excone i to be foued in Newton's formulation of the 
Law of Gravitation, From 2 comideration of the actual 
motion of the plances, ax experiment revealed that motion, 
Newton enncloded dat a planct moves at cach instant in. 
vuch @ manoer that it sccelerstion towards the aun is 
invenely proportional to the square of its distance from the 
sun, Whea, in ita orbit. itis fr away from the sun, it moves 
vo that its acceleration towards the sun i small, When it is 
near to the mun, the corresponding acceleration is lange. 
[Now it matters very little whether the reader undenitands 
the exact meaning of thit statement of Newion's law. The 
‘emential thing to observe is that in it one statement ip made 
about the motion of the planets; and from that one relatively 
‘imple statement accepted as = truth all tbe complerities of 
the planetary motions follow ax 2 natural and ascurately 
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calculable conequence. From this law of Newton one em 
alcolate the time of recurrence of eclipses, the time of 
recurn of comets, the shapes of the orbits of the planens, the 
speed of revolution of the planets around the sum, and a 
Bundred other things But, following this great generalize 
ion of Newon, it was dificult for man to avoud being 
seduced by the beauty and simplicity of che Iw to seek a 
‘ruse for it. Once again the voices of the ancient philosophert 
rang out from Valhalla, and common sense joined in the 
dicewm, “To every effect there must comapond a cause,” 
and demanded an answer to the question, “What is the 
‘cause?" And ever since Newron, even to this day, many of us 
‘have puzzled our brains to find the “cae.” 





‘ur manent FoR CADE 
Now when we seck 2 cause for anything, it is perhapa 
incumbent upon ut to seek the basis of our contentment in, 
the status quo that we believe would exist jo the absence 
‘of the eaute. A stone moves along the Boor. If the floor ia 
ough, the mone soon comes to rest. If tis level aod sesooth, 
‘the stone moves a long way with sensibly undiminished 
speed. If the mone is thrown on level ice, it moves still 
farther and retains its speed sill looger. When we look at 
the rough Hoar, we sce the Little projectioon that obviously 
Playod x part in stopping the sone. I¢ is eary to ace how we 
(an be Jed to think that the stone's natural desire is to go 
on forever with undiminished velocity, that itis only erase 
of the participation of extraneous phenomena—the rough- 
neat of the foor—that it conses to rest at all. Thus we form 
the concept of uniform motion in x straight Line with undi- 
minished velocity ax che mate natural to the body when 
i and any departure from that sate seems to 

call for a “cxuse” 

Now the ancieots were not so content in the thought of 
even uniform motion being a thing satisfying in itself and 
requiring no further though. Incidrovally, the conventional 
schoolboy has much i cooamen with the ancient philoso 
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phen in this rpect. He usually wart out with the concept 
hat what he regards at « force i meceamry to keep a body 
moving even with contant Tincar velocity. He i surpcised 
if told that, bot foe the friction of the water, the Europe, 
‘without her engines working, could be polled through the 
‘ean at 40 koots tied to one cad of » hair—or even without 
dhe bai. The schoolboy, if left so himself feels sine veces 
sity of uching = cause for the shigis motion. However, 
buided hy voch experiences as those gpined from the sinbe 
sand the rough floor as compared with the mooth floor and 
the ice, the mone sophisticated investigator of the posts 
Galilean period bas come to an attitude of mind in which be 
is content if a body moves in » straight Tine with constant 
velocity. He seeks no cause. Straight line with constant 
velocity exprosents the condition of nothingness as regards 
‘anything happening that the mind takes a8 ite origin from 
Which to elaborate ses thought. In the contewplaion of 
this gate the mind is happy—no quexions are asked. 

Bue the exiaeoce of any other atate of mocian bas come 
tw be regarded at calliog for a ows, In the lam analyvi, 
this attitude of the enna! is purely arbitrary. It in xn ntticude 
‘which has Become wimulated doubles by observation, 
‘unconscious or otherwise, that when any motion other haa, 
‘unilores Linear mation of a body is contemplated, there will 
tamually be found in the vicioity other bodice in terme of 
‘whove positions nod activities the departure from tbe simple 
‘¥pe of motion can be simply expreved. Thar, Newton's 
[Lave of Gravication cxptenes in simple form the relation 
bbetween the departure of planet's motioe from that of uni 
fare linear velocity and the postions of the ann and the 
‘other plane. However, che mind has usually not been coo- 
‘tent with a mere statement of the motion, but bas fee that 
There at Tease 2 “cause” is decmanded. When we seek sicisiac 
toa in the discovery of « cause in a situation of this kind, 
‘we must be on our guard to avoid seeking contentment ia, 
‘Mlysioes. 

‘Tuy pertaps be pardoned for using here an iustration 
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that I have used elsewhere! It comccms one who secks con 
teotment in the thought that perbape the pull of gravitation 
may be regarded as similar to the pull of a piece of elastic 
tupon a sone when the stone is tied to one end of the elastic 
and swong uround in a circle, with the other end of the 
elantic held in the hand. Our secker of 2 cme may feel 
content until T ack him vehy 1 piece of elaic pulla To vhla 
the will probably reply: “Oh, of course, we do nat know 
all about that; bot in # general way we belicve that the 
clase is compoted of lot of little molecules, and when 
these are separuced from cach ether by the pull, chey tend 
to come together again.” “But,” I shall ask hie, “why do 
they tend ta come cogetber apsio sicce they are separated?” 
“Well be will wanwer, “of courte, when T mid acparutnt, 
1 really did not mean entirely separated. We betirve that 
between the molecules there is an al-pervading medium of 
‘same kind, x medium with elastic properties, and this draws 
the molecules together.” “Bat.” { ahad! persist, “what do 
you mean by the medium having elastic propertie?” “That 
‘tact like a plece of elastic," he will reply. “But why does 
the elutic prull?” is my rejoinder. “Well,” says he, “because 
it is composed of x lot of litle molecules, and when these 
ae ueparated...etc, ec.” and 80 00 ad infinitum, You 
se, all that even a sooceafal appeal to the elaic idea about 
‘Brvitation could do would be to show that chs thing “gra 
tation” which we do not undereand acts in the mune wrt 
(of way a that other thing abour the elastic which we also 
do not undermtind, but think we do. There Ha sort of 
‘unificanion of ignorance fo the matter. Bat this uniting of 
ignorance must not be despised. It constitutes mach of the 
plan and purpose of physics. Thus we like to correlate the 
workings of the atom ia our minds ia gach a way that it 
acca Tike a Unde volar sytem, or an electrical machine, oF 
the ripples in a bow of water--something that has become 
familiar vo usin ur everyday life and with whose bebavior 
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‘we have come t0 be sated. We were happy shout the 
elastic belore we had grown t the age when we were com- 
ppelled to think about it; and by the time we bad becroxe 
‘old enough to think about it, it had become so familiar to 
tus that we fele no necesity to think about it any tarther. 
‘The elstic was » god—4he origin of all thingy—who bimelt 
‘needs po certificate as to hit own origio. And #0 physicy, 
like everthing else, bas ics starting-point, its ponulstes, 
‘And the pomulates of physica are its gods 

In the search for causes of phenomena in physica there 
te two foalt-the fit x thing of worth, and the second an 
‘lution, ‘The ftv goal is one in which the phenoenegon in 
_quemioa is shown to be the direct outcome of rome marting- 
point that can serve alo as the starting-point for the dedoc- 
tion of other phenomena of nature. No cause is sought for 
the starting-point in ins Te exists in is own right, and its 
value ai a sort of grandfather of the various phenomens it 
predicts is in pointing aut the reltionship of these phe- 
‘nomena to one another. If rwo phenomena, at Sts sight 
Gintinct, ean be traced back to a common waning point, the 
‘wumber of postulates that ome crust make in order that he 
ray undentaad Nature in terms of them it reduced to that 
extent, The maxicum of stivaction is to be found in 
ultimately understanding Nature in tercot of the acceptance 
of the minimum oumber of kypothescs. 

‘The second goal, often an ithaion, is one which offen 
that kind of contentment of underranding of the reson 
for the phenomenon symbolized by the penon who, ia the 
‘ihunration above cited, tought comfort in the thought that 
‘the pull of gravity was like that of « piece of elastic. The 
‘lef danger in the search for this goal lies not in the eon- 
{tentment of illusion; for if the searcher for a reason is happy 
jn his reatoo, why diacurb bim? The danger lies rather in 
the effort to adorn the mechanism that has given satitactian 
‘to the mind with isrelevant appendages to enbance ite reality, 
appendages which oftimes exwe trouble by demanding ott 
their own account cerain requirements which would be 
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‘inconsinent with the fundamental requirements of the main 
protien. 
Many are the errors of plrytica and philosophy that have 
srisen through catering too closely to the demands of things 
fundamentally irrelevant to the discussion im hand. In moet 
‘of our pictures of phenomena, and this is true alo of physi- 
‘al phenomena, the irrelevant parts of the picture tend to 
‘be the superficially more obvious parts. An electron is the 
fundamental nit of negative electricity, w thing #0 small 
ip whee that millions of millions of thera would be required 
to take up the space of one inch. Sometimes { have been 
asked what its color i. To one who ie familiar with the 
Properties of electrons, the asking of wuch a question ix 
something Uke asking what political views are beld by the 
‘majority of those unicellular organims called ambee, ‘The 
lanier question is meaninglest because we do not believe 
‘that in the amorba there is anything to correspond to the 
kkind of fotelligence thar would peresic the smceba to fave 
soy political views at all. Now if 1 ¢bould meet someone 
id, “T cannot nbderitand or think about any animal 
(oF onpninn that has no policcal views,” then i¢ might be 
‘ea advaotnge to ell bim that cost mmcbae are Republicans, 
He would then be able to think about the amaba and 
invertgate it. He would make no use of his information to 
the effect that the amerbae were Republicans, bat the iofur- 
ration would make bim happy (or otherwise, 23 the cate 
‘might be). To this state of mental exhilaration, stinmiated 
‘by the Republicanism of the amerbae, he would procecd to 
Unvestigate their digestive processes. their methods of ceil 
srowth, and eo forth. All would be well, and 0 hari would 
‘be done uolem some day be ahonld proceed to draw upon 
the qualities of Republicanise io the amerba, If he should 
ty t0 himself: “Now Republicans are for the wost part 
stanch capltalisa, and capitalise goes with bamks, vtnck- 
mathe, and'the like; therefore I will proceed to oak for 
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tanks and stockmarket among the amcbae,” he would of 
coune land himself in diculey. The difculey, moreorer, 
‘would be one which never bad any rexion for ia exinence. 
Ir would be something which exined as an appendage to the 
Republicanien of che amabac, and shis thought of Republi- 
‘anlum wat incredoced for 00 purpose obber than chat of 
riszulating the beans of the investigator eo think about the 
‘tavabs. 80, with the electron, if one atributes colo toi, 0 
harm will be done unless he comes to look for seme resala 
caused by the colo iuelf A characteristic example ofthe part 
played by irrelevance in physical thought i afforded by 
the many atrempis that have been made to undernand the 
propagation of light heat, ete, ubrough space through the 
gency of an allperveding medius, ab ether, 

‘The ancients believed that sight cume about through the 
agency of feclers which extended out from the cye and “felt” 


attributed to something emamating from the body seen and 

tzaveling to the eye that it Gnally influenced. ‘The mort 

obvious “something” to think of was 2 particle; and 

the time of Newon there was 2 strong. ecool of uaturt! 

philosopher, headed by Newton bimsell, who adopted the 
per e 


‘of che waves were short enough, ated the tittle chat hey 
‘would bend was just mich au to explain several optical phe- 
nomena which became revealed by carefal observation— 
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phenomena much ar the colored fringes seen when we look 
thmugh our eyelaes, the multiple images sem of a lamp 
‘when viewed through wire ganas, and 40 forth. 

‘Whar was regarded as the most conclusive evidence in 
favor of the wave theory and against che corpuscular dheoty,, 
bowever, was the fact that light was Found to travel faster 
fi ban io water Ie was well known that when a ray of 
ight penetrated the surtace of water, fey dinection wud 
‘Dene towards the normal (the perpendicular) to the sur 
face, Newton explained this by supposing that the light 
particle wat attracted towards the surface a it approached. 
‘The reaule of much am atamaction would be to increase the 
velocity io the dizection perpendicular to the wrface and 
‘eave unaltered the velocity in the direction parallel w the 
surface. "The net eault would be to end the may towasda 
the normal as the facts required, Dut at the meme time to 
increase the resultant velocity of the particle. On the other 
hand, the behavior of a train of waves on entering the water 
‘would be euch that their direction of propagation would be 
altered towards the direction oorma) to the medium pro- 
vided that the velocity of the waves was less in water than 
in air. Here, then, 2 crucial test seemed co suggest itaelf. If 
the velecity of light were found to be lew in water than 
Jn air, the fact would decide conclusively in Exar of the 
wave theary. The experiment was tried. The velocity wae 
spencer in air than in water; apd apperently the corpuscular 
iden wat eliminated fr all uae, 

T sappose that one could hardly think of a more eypical 
example of au apparencly crucial experiment t0 decide be 
tween two theories chan this experiment an the velocition 
‘of light in water and sir which stood for two Dundred years 
‘ae s barvier apainet al) further thought of « corpuscular 
theory of fight. And yet, I hink, we mast recognize io the 
auimade of natural philowphers toward the concusiveness 
of ths experiment an example of one ofthe error af think- 
ing in physics. For modem research bas drawn us from the 
ld wave theory im the sense im which it wan uoderunod a 
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‘hundred years ago. it has driven us from the old corpuscular 
theory in the sense in which it was undentood two bundred 
odd years ago. We now have a theory which, while too 
sbetract fox exposinon in detail here, harmonizes the eon 
‘ccpta of corpuscles and waves It permits light to be thought 
cob in x certain serwe, ab coraposed of corpuscles; but the 
laws that these corpuscles obey are such that there is, of 
coune, no iocomistency in the matter of the relative veloci- 
ties of light in air and water. The point I wish to make 
in this: [¢ was not the supposition that light vas a corpuscle 
that really contained the source of trouble in Newton's day. 
Te was cot the suppotition, characteristic of a corpusce, that 
light struck only here and there instead of everywhere, aa 
‘wave would strike, that led to dificulty. It was not tbe 

cof the corpuscie that wat at fault, Te was 
something else, sowething irrelevant to that corpuscularness, 
1k wou the hypothesis as to bow the corpuscle war attracted 
to, or otherwise affected by, the water surface at approach 
iat wat the real seat of the trouble; and this hypothens, 
ratural in itelf ia terms of the commonsense criteria of 
the day, is oot something cequited by those features of “cor- 
(pucularoen” which are really valuable in the modem 
theories or which, indeed, wert the sygnificont features in 
the wory of Newionian day. Frequently these imelevant 
‘cocumbrances of which we have jut seen an example arise 
aa the offspring of some attempt to endow the hypotheses of 
physics with a semblance of what is called reality. We can 
find few berter examples of the effect of these intelevant 
appendages chan is to be found in the story of the “ether.” 








‘When the wave theory of Light had established itmelf se- 
caurely in the minds of physics, comean scrsc demanded 
medium, an “ether.” in which the waves could travel. The 
analogy of sound was before mx Sound waver could travel 
‘in water, or in air, ar in solids, Now it seemed that a solid 
must be ruled out became the ether bad responsibilities 
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other than the tanamisnoo of waves. It fad to allow the 
planca to move freely through it. and haw could 2 solid 
to that? And yet 1 quid or 2 gu woald not do for another 
tenn. Tn the case of sound waves in a gat or quid, the 
particles of Liquid ving back and forth inn dtecioo paral 





polarization, which demaad chat it we arc to think of it 
1m componcd of waves, the hackandforth motions of the 
particles of che medium cunuoitting a wave mut take 
place in a plane perpendicular to the direction of propa: 
maton of the wave. Such a atate of aflaun could exit: in 
‘waver transmitted by a solid, but not in hose transmitted 
by a liquid or gas. Thus we were confronted by x dilemma. 
For light waves the ether bad so behave like dhe soos: rigid 
‘of solids, but io permitting the passage of the plavets through 
ft, it had to behave au the most mpid of funds, 

‘The question now was whether it was pouible to coo 
ceive of something which was neither a solid nor a liquid 
‘or a gas and which was capable of fulfilling the datred 
purposes. Well, due mathematcian James MacCaliagh (3809- 
3847) was able wo deve auch a tediam, When I sty deve, 
TT mean that be was able to specify, in a velfcomiaent way, 
1 set of properties for a meduxa which would cause it 10 
‘behave in the manner desired. The trouble was that there 
seemed to be nothing tangible on the face of the earch thet 
looked anything hike what this cantankerous etber had 10 
be. Tt war as though we detired to underntand cerain oc: 
ccurrences by attribeting them ta a parncular kind of mi- 
ral whose characterisics at judged by his deeds were that 
he wag meticulously honest in some thangs and x thief in 
‘ochers, chat he wat an intolerant infidel yet nevercheleat 
wave ail his illgowten gaint to the church, and 40 oo. TE 
‘we had set out to undentand the doings of this individual 
by thinking of him at a mab, ebere is a question as to bow 
much our primitive fowines as to what a man woold do 
‘would help us in predicting bia sticas. We shoul be driven, 
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to my, “Well he is strange fellow, unlike anybody else; 
‘and all thae cam be ssid io describing bim is that be is the 
Jind of pervon who aco in such and such ways ox much and 
‘tach oecatlons, Those intuitions which serve ts asa ‘reason" 
for the actions of other beings are totally inappticable in hs 
ase.” We were in wome much wate as this with regan to 
the ether when the mathematicians had succeeded in formu 
lating its properties for us 

“Then, thout the time when men were exercising them- 
selves on these martes, came the great discoverie of Michael 
Faraday (1791-1867) and Joseph Henry (1797-1878) oa the 
ature of the relationship between magnetism and eee 
ticity, Followed by thelr culmination in Clerk Maxwells 
(1842-1879) ouamarly comelation of these discoveries in a 
‘unified picture, a picture which demanded dut clectromag- 
netic effects dhould be capable of propagation through Rpace 
‘with a finite velocity in the form of waves, Moreover, the 
amature of these waves was soch that if chere was t0 be a 
‘medium, that medium had so have characasristia the same 
sas those which served for light. Indeed, Maxell was able 
to find from purely electromagnetic measuresients what 
the velocity of propagatioa of electrical effect should be: 
and she velocity turned oat to be equal to that of Hight, 
aggentiog that Light itelf was really an eleccomaguetic 





concerned with his eccentric behavior as compared with 
koown media such as eo, liquid, and gases, and we were 
happy to admit him as a new but respectable member in 
the brotbethood of “media.” He had at leart one normal 
trait in onmpany with his brochers: any Utle piece of bln 
could occupy a definite postion én opnce, We could forat 
tom of picture of waves going through this ether, and 
‘we could think of ourselves as forming a piciwre of some 
thing going on in the mediura to outrespomd vo these warst, 
even though we did not know what thet something wat 
“And then, as though itching to free itvelf fom all respor- 
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sibilities to a medinia of the socalled materia! expe, Nanare 
‘Procesded to reveal a clam of phenomena which rendered 
anemsical and meaningless this one remaining caim of 
the ether to reality, in the sense of the reality of the past— 
the claims that each of is Title pieces could be though af 
1 vocupying a definite portion in spect. For the plete of 
this fied ether auggested that we should seck to ascertain 
hhow we oa our earth were moving in relation to Ht. An 
‘epoch-making experiment which was designed to investigate 
his question may be Tiustrted by the following analogy: 


¢ 8 
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Suppore that $ represents « ont which can wil slong 
river in the direction of the arrow. Let wt attach to 
row of the bout two matually perpendicular rods Od 
‘OB, ove parallel to and one pecpendicular to the I 
the boat, If we start some ripples atthe point © by 
a mone into the water, these ripples will travel out in clrelet 
{0 relation to the water, If at 4 and B we anach bosrds 
‘which dip into the water, the ripples will be reflected from 
these boards and will retum t the point O. It the boat 
‘nat reat in the water and the poles O4 and OB are of equal 
length, the ripples will retum én step. If, however, the boat 
ia in motion in the ditection of the arraw, the time aken 
for a wavelet to travel from © to the boar at A will be 


ite 
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increased by the motion of the boat, because the board at 
‘4 runs aveay froea the tipplex On the other hand, the Te 
tar journey will be shortened in time because the prow 
of the bort runt to mett che ripples. It it = comparatively 
femy matter to show that the lout of time on the outward 
Journey of the ripples is greater than the gain of me on 
the return journey, so tbat, on the whole, the time taken 
for a ripple to go out and rerarm is increased by the motion 
‘of the boat. While not so obviow, it can readily be shown. 
‘that the time for a ripple to trave! from O to 2 and rerura 
‘ill alo be focreased by the motion of the boat, but toa feit 
‘extent than the increase in time experienced by the wave- 
lets that travel from O to A and back ‘Thus, if the vip- 
ples retumed in step when the boat war at rest in the 
snver, they would bo longer reture in step when it was in 
‘motian. Moreover. if, keeping the poles at right angles to 
‘ach other, we were gradually to turn the boat actos the 
Tiver, keeping it moving at the sme velocity in relation 
to the water, we should Sed that dhe amounts by which 
the two tenes of ripples were out of step woold alter; and, 
aa matter of fat, if we bad no other way of determining 
the velocity of the boat, we could calculate that velocity 
bby measuring the alteration in retardation of the two traink 
of ripples as the bour was tumed through a right angle. 
‘Now, using mirrors and light waves, Professors Albert A. 
Michelion and Edward W. Mocley performed an experi- 
‘ment exactly analogous to this in an attempt to meature 
the earth's velocity through the ether. ‘The result of this 
experiment was regarded as just what might have been an- 
ticipated if the earth were at reat in the ether, But if we 
sre to adopt the picture of an exrth embedded in x sur 
rounding medium, it cxmot be at rest in telation to that 
‘modjum coutinuallysince it moves around he eun—aolew 
the earth drags the ether along with it. This hypothesis was 
attended with diiculties concemed with the passage of light 
‘to us from the stan, difSculties vo great as 10 role the wup- 
position out of court. If in the corresponding experiment 
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‘with the boat a result similar to that obtained by Michelson 
and Morley had been found, and if we had been unwilling 
to admit that the water was ia motion down stream with 
the boat just Boating along with it, bur had insined 00 x 
relative motion between the boat and che water, there would 
ave been anly one way out of the dilemma. We should 
Ihave had to say that the lengphs of such rods at O4 and OB 
changed according at those Jeogshs ran parallel to oF per- 
pendicular to the direction of their motions, and chat these 
anges took place as the baat was roeztcd und were of suck 
mover a4 10 annul, completely the results that would otber- 
wise have been expect. 

Drantic as auch x hypothesis veers, it came to be looked 
‘upon with favor The development of it comequences and 
the logical extensons into the realm of time rmeanurements 
‘peveanitated by these contequences led us into a state of 
sophistcation intermediate between that of the Victorian 
‘ra and that which we have today. In that state of sophiti- 
‘ation our picture was one of « natianary ether, with mens 
uringroda and clocks for measuring position and time, To 
cement the picture as definitely 2s pouible, we cao imagine 
the whole umvene as filed wrth these sales and clocks, all 
the clocks going simultaneously, all being "ght" in tela- 
toa to the standard. But having established this happy nate 
of aflain for ourselves, we had to picture anybody who 
resided on a planet mnoving relatively to us as in @ curious 
state of confusion of which be was all unconscious. As he 
‘was raoving in relation to ua, ali of bis scales were errooe- 
‘ow, bur ke happened not to Koow it because any other wale 
hhe used (o tex them was wrong in the aoe way. AU bis 
clocks were wrong. but he did not know it because any 
other clocks he wed 10 tex chem were wrong in the mame 
‘way and conspired ts coaceal the error. If it so happened 
that this other observer was moving relatively to us with 
a velocity nearly equa! to that of light. it would be neces: 
vary for us to buppose that his clocks went => slowly in 
relation to ours that the pasage af 2 thoussnd year as 
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recorded yy our clocks would an his clocks appear only ak 
an hour. Moreover, we would have to suppose that he would 
‘be all unconscious of thee things becuse, his animal 
eeubolina taking place so enormously more slowly than 
‘ours, it would take him 3,000 years to get bungry again alter 
‘smeal, 90 thet he would be quite happy about the indications 
of his Gack. He would take bis meals by it with comfort, 


wearer 

Now we might have contiowet to enjoy this picoure in 
which we and our measurements were “right” while any 
other being moving with high velocity relotively to us was 
hopelealy wroog-though oncomciously and unkursutally 9 
—Mere it pot chat, having figured out from the relation 
Detween Gur meuures aod his bow we must look to ble, 
it became evident that he would think exactly the rame 
‘things abou us 28 we were thinking about him. He would 
Delieve that ll his measucements were right and ours wrong. 
odeed, it turned out that there was nothing that we could, 
do to prove that we were right and that he was wroog that 
bbe could not do to prove that be was right and we were 
‘wrong, The fact is that both are right. The apparent ob- 
teacle in the way of both being right wat the fact that our 
intuitive concepes of absolute length, and absolute equality 
of the Lengnhs of two rods in different plaea, together with 
our intuitive coosioumes of absolute simulancity of 
events taking place in different places, carried with them 
he belief that there was ocly one meaning to Ubese con 
‘cept. Having been forced by the foregoing considerations 
to analyre 2 little more carefully the nature of our con- 
cepen we had to ndenic that chese conoepes of absolute length, 
@eolute time, absolute simulanety, ete, were oot as im- 
pregable as bad been muppored. We were forced, in fart, 
to the conclusion that not only were they not impregnable, 
‘but that they had no meaning. 1 am well aware that this 
nttimde ia apt to startle the lsyman. Some people feel that 
they have a deepecated comcioumen of the meaning of 
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abwolute lenggh and time which is impregnable, and they 
ae even apt to exnchude that anyone who expr otherwise 
‘i lacking in sorne feeling which they potest. Lec me amure 
amy much devoree of the sbaolure that che physicist is not 
‘unconucious af those feclings to which he refers. The physi- 
cat has had chove feelings hicavell. He has held on to thera 
with the greacere teoacity for years and yearn, He has molded 
hha theories and viewpoiats agsin aod again in order to find 
‘natural home for them. Only when the cold facts of Nature 
rove him to abandon them was he willing, reluctantly, to 
Jet them go. 

‘Bus when these concepts of absolute space and time bave 
‘gone, what becomes of the ether? The ether is now x medium 
which is mtiafying, ineitively, only to an observer in one 
‘tate of motion. Such comfort 26 he gew out of itis derived 
from certzin thoughts about ic which become totaly mean 

lem to an obverver in another atate of motion. Thus, 

‘the logical extension of the ideas above cited, we realize 
that, in the language of the electromagnetic theory af Miax- 
well, the observer aces the ether playing its part dhrough 
the interaction of magnetic forces which be thinks of in 
fone Lind of way and of electrical forces which he thinks 
of io another kind of way. The clearcut distinction between 
these electric and magnetic forces ia at the root of dt 
intuitive satisfaction which he gea from contemplation of 
the ether. And now be has to realize that these Soroct which 
‘were quite dintiner in his own mind have to be all mixed 
‘up to provide the equally iousitive picnsre adopted by sowe 
other observer, What A calls a magnetic phenomenoa ia to 
Ba moisture of cmgnetic wad electric pheoomens; and 
‘what to B is pure magoetic phenomevoa isto A x mixture 
cof magnetic and electric phenomena. All that the ether 
fre in the way of an intuitive picture with en absolute 
‘meaning to the coocepts in it becomes spoiled, Tis ether 
and icy Intaitive concepts now cause nothing but treble; 
and sbe pity of itis that i is just the concepts that cause 
dhe croable that really cvotribute nothing at aU to the 











1g THE STORY OF HUNAN EAROE 
‘working feanres of the mathematical theory. The satisiac. 
tion derived fram the intuitive picture of an ether and of 
the meckanion of its propagation of effects from one place 
10 another ig lasory: and it is for this reason that I have 
‘ventured, in another place, to define the “ether” a a “we 
ium invented by ran for the parpote of propagating his 
misconceptions from one place to another." Though of all 
suble fluids invested for the uimulation of the imagication 
it isthe only one that has not been prohibited, it has beer. 
revealed ana sort of drug which gives rise wo a mental hallu- 
cination of contentment which has no justification in Nature. 
‘This chapter, which ia devoted primarily to “error in 
physics.” is no place for an attempt to expound the theory 
ty. 1 most eufice to aay that i the various experi= 
tigations and theoretical discunions that have led 
Lup to che theory of relativity, we have come to rexlue that 
‘ane of the errors of physics which has persined for the 
frentent period of time has beea the Belief chat chere in an, 
abuolute meaning to sach thingy as the reab Tength of & 
tbody reyrdicu of what means the observer takes to mearure 
that Tength, and chat there is am absolute mcaning to equal 
intervals of time, and ta the simulaneity of events taking. 
place at diferent places, apart from some arbitrary experi- 
‘mental procedure on the part of the observer to define such 
a meaning + 





‘The ancient Greeks had been driven to surmise that mat- 
ter bad a0 atomic buis. However, baving 0 experimental 
data of the type that we have today, they were unable to 
corich that hypothesis by ataching properties to che atoma 
such at would give them some working comtent. To any, with 
the degree of meaning implied by the Greeks, chat matter 
is composed of arseu is somenhing Like sxying that Heaven 
in populated by angels. The satewsent docs not tell ux mech 
‘unless we know torething about the characteristics of angeis, 
‘We might infer a few consequences, much a8 that two parts 
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vf the popolution of Heaven could exist in the sxme place 
since there would be plenty of room between the individual 
angels; but our means of inferring more would be very 
Timited. 

‘A hundred years ago phpics dared no more than to 
think of the molecules a hard, elastic spheres whase sis- 
tances apart in the case of 2 gas for example, verre large 
compared with the sie of each. Even this crude concept 
of the atom wes sufficient to harmonize a noesber of tie 
phenomena of marcer. We could understand how the pree 
sine exerted by a gas comes inta existence provided that 
wwe believed thee molecules to be in rapid motion; for 
heir continual bombardment of the walls of the contain- 
ing vewel would give rise to dhe equivalent of a neady 
[preorure, just ax a stream of wand directed at the hand givet 
the sentation of such a weady prenure. We could ace baw 
it was pomble to reduce the valume of « gas to aD amount 
fall compart with its original volume We covld se 
baw such diroination in volume woold bbe accompanied by 
an increase in preware, since it would result fo an increase 
of the number of impacts per second on the walls of the 
containing vewel. These, and many other things about the 
‘behavior of gases in relation to change of pressure, conduc- 
tion of heat, and so forth, could be understood in ‘terms of 
the simple picture to which have referred. With ehe in- 
crease of our knowledge of chemical phenomena, and espe- 
ally of the complexity of the light emitted by glowing 
‘ses, it became necewary to conceive of the atom at a 
‘object more complex than a bard ball in order that such 
phenomena could be harmonized. The discovery of radio- 
activity and of a multitude of phenomena concerned with 
‘the conduction of electricity in gates increased further the 
demand for more derailed sudy of the mom itsell; and 
then some new phenomena, revealing as they did new cle- 
‘ments in tatter’s tructure—elements such at the electron, 
‘gave muggestions as to the fundamicntal bricks oot of which 
‘it was reasonable to sappose that the atoms might be built. 
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‘And to, about the end of the Int exotury, phyalclea bad 
‘molded theic clay, meade theit bricks, and set out to erect 
the weaffolding for that bolldiog, the atom, in which they 
hoped to Gd x place for the phenontens of Nacore. The 
brcks-the electroa and 40 forth—were new, but the atoaic 
architect ot out to make with them « building of conveo- 
total daaige. Now the trouble way that the people whom 
it wae intended  bowse in that building—whe newly die 
covered phenomena of Xray, Tight, electrons, ete —were 
‘very modernistic people. They could find no we for 
that wat in the building and found total lack of provision 
{or what to them were their wom iciportant needs. It wat 
1s though we had bailt 2 mcdicral catle to bouse 2 group 
of modernistic musicians, printers, poe, and débutantes. 
‘The building had been controlled mock in it design by the 
desire to provide a chapel, but the modermitic tenants have 
so use for a chapel. Moreover, the chapel gets in the way 
of something which meats mach to ther, the provision of 
2 great, long, narrow fall going right chrough the building 
which by its great umintcerupted lengts facilitates the per- 
formance of some feat of gymnastics very fundamental to 
the doing of the modernists, 

To leave the language of parables, we may may that the 
physician of the late Victorian era hoped to see the atom 
work ax 2 waich works or as 2 dypamo works, or as the 
ripples on a bowl of water work. They detized to see the 
atoms composed of pars beld together by forces resulting 
from some state of strom in the medium around them. The 
ind of pictuve that would have comteoted them, intuitively, 
would have been one, for example, where the atoor was 
Wkened to a lot of marbles embedded in a jelly, #0 thet 
‘if any ope of them was given x knock, they would all vibrate 
‘under the elumic forces of the jelly. To go back 10 some- 
thing like a jelly in very satisfying. If anyooe were asked 
just why a jelly bebaves 21 it does, why it exer elastic 
forces when trained, aod 20 forth, be would be hard put 
10 it for an answer. Bat he would probally seek content- 
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sment in the fact that “everybody mows that a jelly wob- 
Wo” And so it wax hoped to be able to tell 

de atom by an appeal to auch activities as 
pring, jllics, etc. Then, alas it was discovered that the 
kind of behavior to be expected from much Ubings was 
entirely diferent from that found. That kind of picture 
told ws chat the ight emitted by atoear should be funda- 
acotally different from what we found it to be. It told us 
that the disribution of energy among the different Jengths 
cof waves in the won's beat radiation should be drastically 
different from what it ix Tt told ws that if ight, im the 
form of waves should fail opoo matter, whatever effec 
‘were produced would be produced in all of the atoms alike, 
and that these ellects would be very small, a mere tickling 
‘of all the atoms. Yet the facis dhowed that the effect of light 
was aly to do something bere aod there in the matter 
upon which ir fell. Where it dud ace, Rawerer it acted with 
1 degree of drasticness out of all proportion to what could 
readily be accounted for on conventional ideas 2t wat as 
though, when a wavefrent advanced upon matte, the in- 
Ennely euny pars of the wavefront called a counci) of 
‘war and mid: “We arc all so weak chat if we advance upon 
that fomrea, pone of us will produce any noticeable effect 
‘Let ua concentrate all our strength into ome of our member, 
and let him we it to attack one place." But while we can 
understand bow an army can call uch a counci) of war 
fand put {ta decrees into action, i is oot #0 eaxy to see bow 
the light waves can do x similar thing. 

‘And so we had ¢o admit into physica concepta which were 
swrange to our sense of “realiey.” If T were asked to ferret 
‘ome the greatest error that nyse sade tn the period of 
growin and development of the theory of atomic mructure 
to its present form, I sboold have to veck it in the attempt 
‘to athieve harmany with Nature by forcing the laws of 
‘orale structure into a forea which stiied a certain sense 
cof realicy without realization that those criteria of reality 
‘were in the last analysis perfecly arbitrary. We have been 





354 THE STORY OF NUMAN ERROR 
to some excent in the position of the perwon, cited earlier 
in this chapter. wha sought canemtment in the thought 
ut gravicy aud Tike a piece of dati. In seeking 10 explain 
the clutic be conceived of it ux composed of 1 lot of inde 
molecule, bot ianead of aduiting for theve molecules some 
properties uniamiliar to bim which by their combined x 
tion produce ia matter in bulk che phenomenon of clas: 
ticity, he was content with mo account of their bebaviot 
other than one founded upon the sare thought of elasticity 
chat he set out to explain. To explain the actions of matter 
in bulk we have been driven to the thought of raolecules 
and atoms Then we have felt the necessity to go further 
and formulate a set of lawi for these atoms that would 
account for the behavior expected of them. By 9 strange 
kink in the paychology of mankind we bave held on to a 
hhope that those laws would be cbe sume 28 for the matter 
in bulk. They were mot, abd a0 for a time they seemed 
artifical to may, and co some they scfm attifcial today. 
Bound up with our seme of reality war the thought of 
‘the predetermination of the univere, the Sica that crery- 
ching that happens ia the result of some state or happening 
‘which occurred before, 40 that if we only knew enough 
bout the universe at the present inant, we could predict 
ita coune forall time. This docirine was always a sturmbling- 
‘Wock to the man of science. If it were not true, his whole 
scheme of physical Inv scemed to break down, his whole 
subject evaporated. And yet he was frightened when be 
‘thought of free will; $0 ke weat to church on Sundayi and 
Ibelieved in free will, and during the remainder of the week 
be sought to show ‘by his experimencs end theories that 
‘everything was predetermined. While my own view a1 (0 
this question of predecerraination vertus free wil, et, holds 
that it i wher a tempett io a teapot and maintains that, 
4n che last anal, there is not as couch diflerence between 
‘them as is usvally supposed, the Limited space of x chapter 
‘will not mice to give the resians for this attitude. The 
‘poiat that is to be emphasised here, however, in that we 
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have oome to realize io phyeicr that an expréstion of the 
laws of Nature in such 2 form that we say much and anch 
11 thing bas only 2 certain chance of happening. rather than 
1 certainty of happening, is not such an expression of in- 
completeness oF knowledge as we formerly thought. We cus 
have the lawa in this forza a8 x practic! basis for unifying 
ur experimenta; and the oldtime desire for something 
which seemed mare “camplete” it rather analogous to the 
desire of oo wig asks the question, “It an elephant could 
solve mathemateal equations, would he wlio de a good 
‘mutician?” 

‘While the desire to sce the atom conform to certain 
trary principles of reality impeded the development of the 
scheme of atomic structure to some extent, the delay has 
been enormously shorter than would have been caused 2 
hundred years ago by far less revolutionery revisions of 
four ideas. Physicins have lezrned to change quickly in 
adapting their concep to Nature. The “new dzal" in 
phytics ban progres with a Knowledge that the “consti- 
tution” of physical Inws—the cooventional view as to what 
should be and what should not be: the criteria of commen 
semse—was decrmincd in x day when the phenomena pre 
sented to the physcist by Nature were very different and 
very vouch Jew complex than they are today. The laws of 
the new contain the laws of the old where those older laws 
hhave a right to be applied, but the old does not cootain the 
new. 

Sometimes physic io going through the throes of a change 
of vishon adopts x tort of hallway picture, It was the hope 
vf the physicist of Gity yeatt ago tha some day we should 
bbe able co draw x picture of the atom, and even rake a 
working model of it. To ask for the pictare of an mom 
today i something like asking for a portrait of an angel 
taken subject to the conditions that the being portrayed has 
tw be represented as weightless, capable of Bight with iofinite 
velocity through a vacuum, temperamental, and invisible. 
Jn pamage from one of these extremes to the other we 
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stopped to take breath: and the stopping-placs was the 
‘Bor theory of atomic eerocture. Space will pot permit me 
© my more than this conceming ix. It lald hold of the 
significant elements of the true Lawes of the atom and traced 
their consequences to the point of harmonizing in tera of 
them weae of the most chararseriatic and bexotifal phe- 
‘nomena concerned with the light emitted by atom. In 
doing this it presented 1 model of the atom which wat 
something like the solar oprem om 2 small scale, the elec- 
‘roca filling the réle of the planew and a central nucleus 
the rble of the mun. Here at any rate was something that 
wwe could draw and look at; but the electrons had to be 
robbed of some of the properties they would ineviubly 
Ihave were they really electrons Hence the comfort that 
‘we derived from the contemplation of the model was largely 
iwory. It was as though, in trying to represent the char- 
acteristics of a certain animal, I hit on the iden that be wat 
fan elephant, but found thar in order to explain his uctivi- 
ies it was peceauay to ature that his trunk wat uted only 
for purposes of wagging while the purpote of ile tail was 
tp oxrry things about, thar ls ears were not used for heat- 
ing but for the abworpcion of food. Je is doubeful whether 
T movld be justified tn deriving muuch comfort from the 
‘thought that thie anicoal was an elephant. And 90 we have 
Ibere an example of one of the errors of ptmic, the error 
of aceking comfort in a situation where we conceive of 
some wort of model composed of things which are more or 
Jew familiar to ws and theo find it mecewary to discard most, 
of the natural properties of these things in order to make 
the roodel work. Of coune, it amy be mid in favor of the 
Procedure that it is valuable provided that it stimulates 
the mind to think, It ix indeed, dificult for ee human 
sind to think at all unless it has something to thiok about. 
‘The danger lies in the temptation to ehink too much about 
those features of the mode! which are really irrelevant, the 
feaures that cawe trouble because they really have mo legit- 
‘uate place in the plenare. 
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‘When we speak of che qualitic that dominate the chm 
acters of individuals, we apexk of their temperaments, their 
capacitics for mathematics or for munic: we speak of the 
extent to which cermin croomaances affect them, and 
forth, Sometimes the paychologiat seeks 2 deeper reaioa far 
tees things, but for proctical people who have to lite with 
the individuals these charactevstics form our fundamencal 
sartingpoint,, The modem theory of the atoen is ane in 
which its fundamentals are expresed more after the manne? 
of the characterinica of individua's than in terms of spring, 
‘mechanisms, and 10 forth. It is as though the different moms 
‘iad different temperaments: and to try to correlate cheit 
activites by thinking of them in terms of forces and 
‘ary mechanics is something 1e tying 10 cortelate the 
actions of an operatic prima donna by an appeal to laws of 
springs, weights, and machinery, or the socalled laws of 
‘commen sense, 
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Ae has alwayn been tbe ideal of the natural philosopher 10 
seck vome scheme of Jaws that will hermonise all the plie- 
pomena of Nature, regarding as unfortunate makeshift any 
scheme of lav that applies only in a limited fed. It is 
doubtful whether this ideal and attitude are as impregnable 
ta might appear at Girt sight. There bas been x tendency 
(to presuppose, moreover, that there is ooe and only one 
theory of the universe that is right, one and only one 
syriem of rules in terms of which the phenomena of 
Nature may be correlated. Now it is quite pouible that 
‘this view ia an Gluson and that there mary be many 
theotica mtistying the criteria demanded, che devermizing 
face being not which ia right, but which i the mow 
soevenient. On such a view the ideal of harmonkzing all 
Nature under one scheme loves much of its digoity: for 
that digoiey bad {ts origin largely in the thought that if 
only we could find this scheme of laws that harmonize 
everything-rial phenamena, physics, chemistry, ccobemict 
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‘we should have got down to bed-rock and learned to view 
Nature ashe actually ia and to sce the real truth io all 
its glory. f, however, there are many thenties which would 
barmonize the facts the reason for the ideal evaporates, and 
it ia focumbeat poo ut to coust the com of an attempt 
to atmin it and weigh that cor against the value of the 
ident, Tf specuclemakers bad refmed to make spectacles 
until the cheaty of didaction in glass had been completely 
solved according to modera atomic theories, many spectacle: 
smakem would have gooe out of busines Moreover, they 
‘would probably have gone out of busines had they at 
‘ecipted to use the theory mhen it had been formulated. The 
apectaclecakers thought in terme of geomettical optics. 
‘They thought of light ax Newise thought of it and the 
acheme war wide enough for their purpours 

‘Au we widen the scope of our thearies to embrace phe- 
pomena which are of a vastly differeot kind, the theoties 
take forens in which they are not very simple in statement 
for any of the individual limited realms of phenomena which 
they are called upon to include. Diffcrent theories are like 
different languages for describieg the sane phenomena. A na- 
tion of bankers who made a lmagimge for their own purpotes 
‘would probably make one quite dillcrent froea that created by 
‘nation of paintema or musicians. A language amuable ta cover 
the intereis of both would probably be more complicated 
than the language of ether the bankers or the painters coo- 
sidered separately. When the bankers had to include in their 
interests artutic values as well as the values of bondi and 
the hike, their language would have to take x more general 
form which would cause it to lose some of the speciicneas 
of appeal that it bad when aimed direcdy at the phenocena 
of nance. 

Perhaps the greatest error inherent in the ambitions of 
the theorists of the par lay in the hope that when the 
riht theory was foucd, the univene and it Taws would 
appear not merely understandable but obvious. There seems 
1m have been a feeling that if only we could get far enough 
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down to bed-zock, the activitic of “Nature” would appear 
“natural” But, alas, in che vague sense in which the ward 
“natural” was wed, Nature refed to be “natura.” (8 we 
‘may chim an advance in sophinication today, 
chim it in the fact that our theories seek not to “explain” 
in the old sense of the word, but to correlate the phenomena, 
(of Nature. They form 2 shorthand notation for remember- 
ing all the face of Nature. We seek some way in which, 
bby saying few things, we may deduce 28 their conseqaences 
‘many things which are true in fact. We no longer cancer 
‘ounelyes wich the “Teasons” for the few things we started 
‘with. It ia not that we have become duhearcened and given 
‘op the tak of finding auch reasons, but rather that we bave 
ote to realise that there is mo meaning in the quest for 
them, 

In audition to correlating the known facts in the above 
sense, our theories frequently mugger that certayn other plte- 
‘nomena should occur, phenomena not at yet known. Search 
for these phenomena has frequently been rewarded with 
‘wacceat. Thut, about ninety years ago, Newton's theory of 
{avitation when applied to the observations on the planets 
suggested the exnence of another planet then unknown. 
1k was sought, and thus Neptune was found. Such augges- 
nnans made by our theories are of great valve, but they 
‘carry with them a great danger, An crror made frequently 
fn the pau by those who purmed knowledge in scence wat 
to suppone that discovery had come to an end. Agaio and 
spin phyvics bas reached » mage where the horiaon of die. 
covery seemed also its boundary. Ie reached that stage when 
the immediate consequences of Newton's gravitation theory 
Jhad all been worked out. It reached that stage when Mex- 
wells great electromagoetic theory scemed ta have reached 
the final goal that man might bope tm reach in knowledge. 
Tc almott reacbed that stage when the consequences of the 
theories of Niels Bobr and Armold Sommerfeld had been 
‘traced as far ae it seemed pracicable to trace them: and 
‘were it not for the confidence gained by piycs in baving 








160 TRE STORY OF HUMAN ERROR 
‘peered euccenfully through the apparently impregnable bar- 
‘ier of the past, it probably would have reached that age 
when the modem stomic theory had conquered the Se 
ine of defease of the ator agaimt man’s prying eyes. 
a these periods of deprenion, when ducovery seer 10 
Juve ended and science seme dead, Nature sccm to divide 
hher phenomena into two catagories, thove concerning which 
wre soem to now everything, and those of which it appeact 
we can never know anythiog, I believe tbe origin of this 
(tate of affine is not far to seek When 2 new set of phe 
‘nomena have been succeafully correlated into = theory and. 
the theory bat done itn service of predicting other phe 
fomena which are mubsequentiy found, that theory exerci 
‘2 wort of cemorthip over crerything. Having done mood 
service in predicting what should be ao, it predices just 3 
ceaiphatically what should not be 10, and so closes he door 
(of intuitive reason to further search. Jf we have come 10 
feel the spirit of the theory im our bones, it seems a waste 
‘of time to seck for anything that seems nonsense in the 
light of it. And then some wnsuppreuible radical does one 
‘af those “foolish” experiments and gets a disturbing result, 
a result which seems like nonsense in term of the theory. 
Xf, aher criticiting his experiment and browbeating the 
impudent experimenter, we are forced by the facis of repe- 
tition of his experiment co belicee he was right, at becomes 
necessary 12 do wxoethiog aboot the theory. We remold 
it to » gremer or Yew entent as required by the exigencies 
of the situation imposed. by the results of the Dew experi- 
‘ment. Then, when we bare done this, te theory, as though 
in the hands of che worcurer, sxe: “Ht you make me admit 
thie new experiment, T might ae well admit many other 
things which in mry alder guise T should have denied.” And 
1 the flaw of the blood of discovery is started once mote, 
and the factories of knowledge hum with activity until io due 
time onder is retored, with the new theocy dominant over 
all and claiming, as did its predecesom, the right to censor 
all phenomena not included in its own particular code. 
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Perhaps one of the most characteristic features of the 
discoverica of the lant ehirey years has born the increasing 
apeed with which we have learned to adapt ourselves to new 
line of thinking. Common scase hat not had time to extab- 
sh ftelé at any stage of progrea In the hectic development 
cof our mental wenery, but is lett trying to wade ity way 
‘out of the sticky ether of the nineteenth century. There are 
roany who do not like the mad panorama of thought pre: 
‘ented to then. They Jong for the conventionality of the 
att, They feel dhat Nature could never have been vo radical 
‘and bizarre, and that, if we oaly knew how, we could under- 
feand bet in terme of the eritesia of “good horsesense.” 
‘And yer, how unkind it scems to have to remark that. in 
the last analysis, “borsesense™ is, in all verry, but the Kind 
of sense that 4 borse has 


SuppLemenTary Notz on 
SupzxstiTION IN MATHEMATICS 


By Eric T. Bell 


'N ANY STORY of human error, mathematics is likely 

1to play 2 lest conspicuous pert than tome of the natural 
sciences, The subjectanatter of mathematics cannot 'e co6- 
{fronted with fact io the scicatie scase, Apare from trivial 
‘lips, the ercary of mathematicians have usually been con 
cealed in the foundations of their vat edifice, Before the 
‘major error that has infected mathematical thought is 
pointed out, it will be well to state empbatically that this 
error is stil a cardinal dogma io the creed of toany pro- 
fewional mathexuticians, particularly those whove environ 
rents incline hem to reactionary orthodoxy in religious wd 
social matters. Thus what some mathematician comider a 
blunder of the fir magpitade is in fart the cormeratooe 
‘of the working creed of many otber mathematicians. How- 
‘ever, pot all mathematicians by any mean are superstitions 
about their subject. 

‘The early minakes in mathematical outlook, ween most 
lealy in the murbermyatica of the Pythagorean, car be 
ignored. Only the mentally incompetent ave impreutcd by 
‘any of this meaniogles caysiciun today, snd likewise fot 
the tank growth of the mezed theory of mumbers in the 
‘Middle Ages. A tore important taathematical superstition, 
however, grew naturally out of the erde mysticim of the 
Pythagoreans, The doctrine that everything is number—the 
italicized phrase being taken in the mom liter] sense icy 
aginable—bas rarvived in not too subdly refined forms to the 
prisent day, For example, we Gnd an cminent popularizcr 
of astronomy declaring that the Great Architect of the Uni- 
Yee (vtanver tat may mean) begs to appear ab pure 
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‘mathematician. This survival of Pythagoreaniam is more 
Wikely to find favor with physcins, arronomers, and other 
acientins who are not mathematicizns tab with profeuional 
‘aathematicians 

Neverthelea, the “God ever geametrizey” of Plato ar the 
“God ever arithmetize” of Jacobi has induced sympathetic 
‘vibrations in the devaut bosoms of scores of reputable mathe- 
‘maricians in the preseat centmry. Even some who teat the 
subject of these femous epigrame as x hypothesis in che mam 
nex of Laplace, subscribe to the modernized form of the az 
‘ent faith which the sayings express, The truths, they asert, 
of mathematics are necessary and eternal, « prior: and, in 
the philosophic sense, synthetic. This is the faith; pare of it 
is miended to Kant, Newwon, according to the faithful, did 
not invent the binomial theorer a1 the behaviors might 
have him do; he ducovered it a a pale reflection of an 
unimaginable, eternally existing and timelew truth io the 
everlasting realm of Platonic ideas. And Newion was en- 
abled to anake his great ducovery because, ip the beginning, 
part of that ideal binomial theorem had been woven into 
‘the warp and woot of his own soul as i¢ revolved clockwise 
with the Platonic soe! of the universe in x perfect circle. 
Jf the last sounds absurd to some mathematicians, the 0- 
berer avertion thar the bioomial vbeocem ia wynthetic and 
4 prori, in the philosophic eevee, sounds definitely fale, 

‘The “truths” of mathematics it is now believed by runy. 
are analytic-again in the philosophic aewe. They are tau- 
tologier. This is the conclusion that is accepted as more 
likely than the synthetic, eternaltrath theory to be trae by 
the majority of those who have made it their business t0 
examine che nature of mathematics during the past twenty 
‘years ‘The creed that mathematica has a superburan, necer 
sry truth not shared by other constructions of human beings 
‘wan the great error inherited from Pythagoras, Plato, and 
‘Kant—if, of coume, it was an error. Anghow, many repetable 
‘mathematicians today agree that it wat of the same stuff 
hat wishful dreams are made of, 
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‘The concomitant belie! in the absotutenca of space wil) 
hang on. A century and a half ago there wat bot one ypace 
and bat one geometry, and Enclid was the Mahoutee of both, 
Lobatchewsky. Riemann, and their succomors by theit crex- 
‘don of non-Euclidean geometries in shoals disposed of thin 
cerroe. “Space” however still maintains its ontological myr- 
‘ery over and above all the swarms of geometries that have 
‘bred like ice on the decaying remains of ie gbowty carom 
‘but mathematicr i content 10 leave “space” as a thingwin- 
igetf to philosophy. “Time” in the absolute Newtonian 
‘enue outlasted “space.” But “time” never played the part 
that “space” did in coutaminating mathematics with wper- 
‘humanings. When Einstein took liberties wich “eime” In 1905 
and again in 1915, the mathematical repercostlons were neg- 
ligible. 

‘To mam up: The errors of mathematics have Dot been 
markedly diflerent from those of the physical sciences. Io 
both fies an atavistic yearning toward aperoacaraliaca bt 
sisted imaginative mathematicians into occasional profound 
invertigations of empty mares’ ness: but 00 great harm hat 
come to the iovestigators thecoelves from tbeir fruitiew re- 
searches. The innocent bynander, the so-aUed layman or 
‘man in the ae, slone has teen she signs and wonden 10 
‘which common mathematical sense is congenitally blind. 








Cuartza V 
BRROR IN CHEMISTRY 
By Charles A. Browne 


IN THE IDEAL exect sense of the word, chemiiry may be 
“eined as that Branch of natural science which giocs » per 
elly truthful arcount of the composition and froperian of 
matter end of the changer wndergone by matier Unley dierent 
‘Hater nd conditions. Obviontiys im #80 9 tente There con be 
ho errort in science which is a repeliory of perfect truth; 
the ervors are notin chematry but ix maw'sFerpretaton of 
‘The Rutry of chemutry W largely an ccoust of the Om 
tater that pum has made in Ria efor 10 arrive 6 « etfactory 
explanation of the conatitation, Propetcy, and transformations 
Of matter ti hatory of ral wad evar, many explanations of 
toe era being rejected at evroncots by the nest 4 the Tight 
of more perfect knowledge. The chemical lexis of « Ruséred 
{rare ago are now rejected becouse of crim erort of ttemtnt. 
Teentry hence the chemistry Books of our time will mect with 
4 similar resection. The beginning of cheminry asa wien it 
‘erred by some to Boyle in the scoenteenth eenney, mhile 
‘thers would poatpons the dan of the cence tit the tow 
{of Lavoineta full centey leer. dctally oe can it No Buch 
Tine of demarcation, for the bowndary of time that seperaies 
tuhas men ecept asthe trh oud what ax ervor isa conta 
shifting ome. 
We must, therefore, for err present purport refet the ides! 
ion of chemitiry at one Which We hamanty imposible of 
stiainment. To coin a definition that will ply to any eta of 
tory oe mey sey that chemistry it comterporanceus feeord 
of man's attempa to explain the constuton, properties, and 
raraformations of rater. The errors of chemisry re that the 
‘aplanations that acoeeing generations of men have found to 
ie unin at a rexaiof mare cereal oueration and experiment. 
et 
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‘The scence has been divided into the two brenchex of appli 
and theorstice! chemistry. Applied chemistry, at indicated by 
the name, considert the employment of chemitiry for weft 
rachoa! ends, whereat theoretical chemistry dealt solely with 
4 connderation of the lens that gmem the companion of 
imaiter and the chenges that it undergoes. Of thc two Branches 
of the science, applied chemistry ls much the alder, dating back 
to the primitive ort of prebutonc man such a2 mading fre, 
‘preparing food, tanning hades, baking Brick, dyeing wool, fer 
eating grupejince, crptallsing aly, and melting. ort, The 
‘explanation of there procenet did mot concern hit, and it wat 
‘only after man's rite to a Rgher degree of cteliainon that he 
Jenan to speculate about the nature of frecang, melting, bun 
ing, eveporating, breathing, fermenting, and. other chemical 
‘phenomena of daily fe. Crude conyectores begen to be formed 
Opporing forces were persona as the operations of tooe end 
‘ate, and mythological conceptions were introduced. 

‘At man’s powem of obseoation became more sharpened 
clasifcaion of rubuancer according to their propertic-hard, 
oft, dry, wet, warm, colé, etc —begen ta be made, Resemblances 
fand diflerencer wert noted, and then ceme at fast che fist great 
‘ep that marked the Birth of hecreticl chemstry—the aitempt 
to eaplain the changer in the sates of matier by the action of 
some uniting principle or law. Such were the attempisof the 
old Tonic Nature plulacphers, who reduced all the operations 
‘of Nature to the action or interaction of Uhe four élementary 
Principtes earth, water, ait, end fire. Such, eto, were the atempl 
of the carly atomic philosopher, who, penetrating detper 
the constitution of matter, atinbuted the diferences in prop: 
certes of ruditances to deicreaces in the nature of the sirnute 
Indivinble particles of which they were supposed 10 consi 
Rival schools of philoophy were fnalt around these oppoting 
vicwr, Dut the art of verivng hypothena by carefully contotied 
‘experiments had not yet been developed. Consequently chem- 
tary fr the next tn thosmesd gears conrited largely of 
of erroneous phileophsc speculations overlaid with atrol 
alchemical, and ether poeudewienifc ident 1 ws only in the 
eternth end seventeenth cencurict, when France Bacon (1361- 
16a), Van Hlelmont (15771844). ond other ingurers began f2 
snake wa of experisen! forthe dizcovery of truth, thatthe errand 
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handed down from entiquity tegen siowly to be cleared avey. 
But in removing thee ol erors the devotes of the new expert 
imental plasophy commit new mistakes (a explaining the 
fans of the experiments they had devued. Later experiments 
by other inquires txth emproves epplences gradually clini 
feted the fllacles of there predecenort hes the tclence of chen 
dry haz been Brought slowly end laDeriouy to ie Pret! sate 
Selectad and siguscont excmples from the Mtory of tls de 
velopment ere tnterprted mx the following chapter. 


[8 CHEMICAL ARTS of dyeing, ommics, nitamhing 
‘metallurgy, fermentation, tanning, and many other 
primitive manufactures were all well developed before man 
Degan to speculate about the coomitution and properties of 
‘matter. Though we find crude conceptions about the nature 
0f inorganic and organic wbaances to have existed among 
‘the early Egyptian, Chaldean, Indian, a4 Chinese philor 
phen, ic is to the Grecks that we owe dhe development of 
hove fire Ureories of chemistry which consrofled the progrew 
af the science down to the beginning of che modern ere, 

1m order to understand the nature and extent of Greek 
influences in chemistry we must go back twenty-five centuries 
to the time of Thales (640-546 1.c), who, early in the sixth 
century Re, sought to reduce the manifold phenomena of 
Nature to the operations of ene common principle which 
hie believed to be water. Thin conception is noteworthy at 
it maka the begiooiing of attempts to unify the explanations 
‘of natural phenomena. The idea of water being the original 
“materia primd” ox “Untoff” found adherents even down to 
‘modern times. The Flemish chemist Van Helmont (1577- 
$644), one of the founders of modern experiovental chem- 
jiexy, demonstrated ta his own satisfaction that the con 
tom of Thales was correct 

‘A secood Tonle philosopher, Anaximencs (sixth cent 
11}, proposed air as the original element from which 
universe was derived: a thitd, Heraclives, considered Gre 
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the the prizzl hasis of all macerial existence, the soggeation. 
for this belief coming perhaps from Zoroastrian influences 
‘Fire, acconding 10 Heraclitus (about 500 8c}, woderweot 
successive degrecs of condensation through wir and water 
until the soealled downward way was rexchod in earth, 
‘Everything wat thus in 2 state of fsx, or, as Heraclitua ex- 
_presed it, mérea 62, “all thing Sow.” This evolution of all 
materia] substances from one element gave rise to another 
‘uying of Heractivas, fr xb xfs, “the all is one;” which many 
cexnturies later became the motto and cardinal principle of 
Greek alchemy. 

Inwead of regarding one particular principle as the arigi- 
nat basic element ofall matter, the Sicilian philosopher Em- 
pedocles (about 455-395 2c) recognized foor auch element, 
fire, air, water, wod earth, as the finit roots of all exiscing 
‘things The combination of these elements in different pro- 
portions, according to Empedocles, gives rise to the mult 
plicty of nataral subsances, a condition of love, or atirac- 
tan, and of hate, or repuliion, between tbe elements being 
the activating force that cotrtrolled these cocabiaations. The 
dheory of four elementy proposed by Empadocley and 
sedopted by Plato and Aristotle, becarne the central doctrine 
(of chemistry for the next wo thournd years. 

‘The Greek philosopher who cxereived the greatest inl 
‘ence upon modern chemietry was Decoctitus (about 400-357 
2c), According to his conception, all matter was composed. 
‘of exccedingly small indivisible atoms, indestructible and 
‘unchangeable, but difering greatly in form, weight, and 
‘ise, The batic material of all atoms was the same; it was 
cmly their variation in shape and magnitude that caused the 
Aifferences In the properties of rubstmnces. Thus, the atom 
‘of water and iron are of the mme substance: those of the 
former, being moooth and apberial. do not cobere, but, 
slipping eaily over one another, give water ita fuidicy; the 
stoms of iron, on the other hand, being rough and jagged. co- 
hhere, chur giving the metal its rigidity. Democritus regarded 
the space between the atowms as a void and attributed the 
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varitlons in density of different subsances to the degree 
of compactens with which the atoms Elled the given apace, 
‘Matter itt he Beld to be indeseroctible, altbough ita forma 
were continually changing becasue of the constant dsin- 
tegration of older stomic combinations and thr building 
dherefrom of new rearrangements, 

Had che atomic theory of Democticus met with immediate 
cceprance, dhe rise of modern cheminty might have been 
advanced two thousand years. Bot his explanations of oat 
‘tal phenomena without recourse to any ideas of purpoee oF 
ddeaign were repoguact to the Grecks and especially to Aris- 
toile (¥8¢au 8.6), who blamed Democtitus because be te- 
jected the doctrine of final causes and explained everything 
‘by the action of necenity. He also criticized the atomic acbool 
because the reciprocal convertibility of the four elements 
‘was denied. The evaporation of water was explained dy 
<Arivotle and bis achool as an actual convertion of the liquid 
Sito air: che atomic philosophers denied axy auch convertion 
and attributed the disappearance of the water to the separ 
tion of it invisible atoms by wider intervals of space. When 
these spaces were reduced, the atoms came clover together 
again and the liquid phase of water was restored. As we 108 
know, the explanation of Democritus, with ity recognition 
‘of the exinence of the same rubnance in differeat ates, wat 
‘much neater the truth. We may iodeed date the commence: 
iment of modera chemisery from the seventeenth century 
‘when, under the influence of auch leaders as Bacon, Galileo, 
Gamendi, Boyle, and Newtoo, the atomic conception of De- 
‘mocritus was revived and the physical theories of Arittorle, 
which had hampered the progres of scence for two thou 
‘and year, were overthrown, 


‘rer Foun quatrries 

Closely related to the doctrine of the four elements was 
that of the four qualities warea, cold, moist and dry—upon 
which Greek chinkers from earlicat times based all che rela- 
lonshipe of man to the exterior world, Health, tempere- 








ayo THE aTORY OF HUMAN EEROR 
iment, dict agriculture and many activities of daily life were 
requlated sccomting to the proper balance of these bypo- 
‘thetical basic qualities, We may cite as an example the Hip- 
pocratic dectrine of the four humore-blood (warm and 
‘moist, phlegm (cold and moin), yellow bile (warm and dry), 
and black bile (cold and dry)—upon the perfect balance of 
‘which healt was supposed to depend. Fevers were attributed 
to an excest of yellow bile and colds to an exces of phlegm. 
People baving fevers or x bot, choleric temper should par- 
take of cooling food such as wclons; people having colds oF 
‘2 phleymatic dlspostion sbould receive warming food rach 
3 coustard, In agriculture cold soils were considered neces 
sary for the best growth of cooling foods and warm soils for 
the best production of warming foods If the premises were 
accepted, the deductions teemed logical and consinent. The 
doctrine of the four qualities remained practically un- 
changed oa a cardinal principle of pinysiological and agricul- 
tural chemistry rom the time of Hippocrate (about 460357 
mc} until after Boyle. Louis Lemery (s677-2749), Regent 
[Doctor of the Faculty of Physic at Paris, thus wrote of eocum- 
bers: “They eonusin much phlegm, moistep and cool much, 
quench thine, allay the sharpneas of humuors and too great 
4 fermentacian of the blood. Cucumbers in hot weather are 
proper for young persons of a bot, bilious constitution; but 
weak snd old people of a phlegmatic temper should avoid 
‘them."* The expression “cool as a cacuraber” is a modern 
turvival of the old Greek doctrine of qualitis. Lemery, al: 
‘though tweatyooe centuries distant from Hippocrates in 
point of time, was scarcely removed froca him as regards his 
ideas upom the chemistry of sutrition. 


{ARON G8 DEDUCTION BY ANCIENT rmaERCTES 
Ie it Intererting to note the interpretations that the Greeks 
fave to some of their experimental obvervations, much az 
hove io regard co combustion, which bas always been a 
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genious but erroneous explanation waited the winds of 
‘men for many ceoturies to come. 

Hero of Alexandria (vecood century %.0?), one of the 
‘moat skilful experimenter of antiquity, alao described com- 
Dbustion in the introduction of his work upon Preumatic, 
“Bodies are conmumed,” he wrote, “by Sre which transforms 
‘them into finer elementary particle—namely, water, air, and 
‘an, That they are actually consumed it evident from the 
carbonaceous residue, which, although occupying the same 
‘or a lise lew space than before combestion, nevertbelom 
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ers greatly with respect to the weight che material had 
2 che beginning” 

“We have to this pammge with its allusions eo weight an. 
‘eatly hint of the application of quantitative methods ta the 
analyst of organic substances. Philo and Hero described 
Laighly developed and elaborate forms of apparatus; without 
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‘Te was because of this Eallaciows » priori method of retoa- 
ing that the Greeks of the later Alerandrian and Byzantine 
petiod waned so much time and encryy on fore to tran 
‘mute the buser metal inta silver and gold. Since the coo 
‘version of the four clements into one another wat taught by 
Plato (427547 2c) and Ariaote, it war argued that the 
transmutation of copper or lead iota uilver and gold was 
1 pouible accomplishment. AU faxible mbuances much of 
‘wax, glam, and metal were held by Plato to consut of earth 
with a certain amount of water to give them Suidity. The 
rust or corrosion of the baser metals wat regarded as an ex 
dation of this earthy ingredient, Of all che metal, wold 
was considered to contain the least amount of earth, this 
residual impuriry being of #0 fine a quality that there was 
‘Bo exudation of rust oF tarmith. The removal of the excess 
cof the mupposed earthy continent of bose metals by a 
Proces of derusting (Alene) was Ubus the fret step of trane 
owation, 

‘The belief in cansmotation was enhanced by observing 
the gold- and silvercolored alloys that the skilled Egyptian 
technologist prepared from base metisalloys which in 
many cases were wed for counterfeiting. A number of 
their workshop receipts are contained in old Greek papyri 
in Leyden and Upsala; their fraudulent character is clearly 
indicated by the following transations: 

Cn white soft tin four times: melt x part of the same 
with one mina of white Gelatian copper. It become prime 
silver hat vail deceive even skilled workmen who vill not exp: 
owe it to be made by much a weaument. 

‘Ada six paru of purifed tin and seven parm of Galatian 
copper to four pare of silver and ibe renalting product will pant 
‘unnodced for silver bullion. 

‘These quotations are good examples of the chemical re- 
tip of the Greco-Egyptian period before they were ob- 
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scured by the allegorical and myntical interpretations of the 
Inter alchemists, who, under the influence of philosophical, 
(gnostic, astrological, and religions idea, believed a simula 
ton of the colors of silver and gold by means of counter- 
feit alloge to be an actual wranemutation of the base into 
precious metala, 

‘Alchemy, at a peeudoscience, began to attract the arien- 
tion of Greck writers during dhe third century a. Poet, 
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Prices, phidowphers, and physics, a8 well at eyzen, be- 
Came intreved in this aycalied “mcred aru” In the Sve 
centuries between gov and S00 A. dere wat vast output 
of manusipts upan the aubjec. The oldest colleaion of 
these renin of Greek alchemy isthe famous Codes 399, in 
the Library of St. Mack at Venice, writen in x band of the 
cleventh century. Some of these mamcripts bear the mamen 
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‘of urpthical aothor, as Herroes and it; others are pacudo- 
raphe fabely accributed 10 Motes, Democritus, and other 
‘ancient sages; othent are genuine productions of Zosimas 
(hhh ceonury 43), Smneaius (about g70-430 42). Olympio- 
dorus (Sith century am.). Stephanou (seventh century A2.), 
and other writers of the later Alexandrian and Byzan 
pevioda® 

‘The Literary remaius of the Greek alchemists form a maiko 
‘collection of philosophical treatises, dilogues, peas, enig- 
fu, prayers, invocations oaths of screcy, allegones, visions 
and magical incantations, together with numerous laboratory 
reocipa. Astrology, mythology, philowophy, axel religions 
‘ideas of Egyptian, Chaldean, Greck, Jewish, and Christian 
origia are all hopelemly incermiogled, in language which is 
deliberately obscure, in a vain effort to explain some theory 
‘or proces of traparauiation, 

But even in thus period of decadence we note Use mupe 
desire of the early Geek philosophers to arrive at a broad, 
unifying conception of the univere that would inclode man 
and all the works of Nature. In the same way that must, 
the microcom, was viewed os smal! counterpart of the 
(rat universe or macrocoam, the Greek alchemiss regarded 
the metalt as having a similar comic relation to mam upon 
the ame band and to the universe upon the other, Each of the 
‘seven akchemistic metals war vuppoeed to be generated 
fn the earth by emanatioos from the seven heavenly bodies 
‘gold by emanations froea the sun, silver from the ron, 
quidilver tom Mercary, copper fem Veous, iron from 
Mars, tin from Jupster, and lead from Satu. Remains of 
there ald coemié ideas fo Greek slchemy sill linger io such 
chemical terms a6 “unicrocoumic eal" and “lunar cautic.” 

“The ancient techoologiats impaned the color of gold to 
ase metals by eran of yellowcolored oxidet and other 
‘mineral substances. In this way originated the alcberiaic 
ez of the philowopher’s tone, or pomler of projectiou—a 
facies foes cane ects fave Sem eed and wand under Che 
\Anasion otha rach onan et (007 T- 
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sminenlons tinctoria] substance of infinite potency. of which, 
it wa eid, a cingle grain could convert oceans of base metal 
{nto gold. This tranamoting subaance wat beld to be a uni- 
vertal medicine, an elixir which would cure disease, proloog, 
lite, and restore youth. The quest of this fabulous woe of 
elixir became eventually the obesaian of all clases of men, 
‘from slaves to emperors. 

No bert illusion of the fatuity of akhemy om be 
found than that during ita revival at the ume of the Reais. 
tance the writers of the Wes coulé only recho what the 
Greeks bad written ten centuries before. As ia the alchewy 
of the Greeks, wo jn that of x thousnd year Tater we 6nd 
‘the mame symbols, allegories, prayers, oath, invocations, 
‘Poems, and obscusties of language. The Western writers 
‘ould only retrace the laowmarks of the ancient Greeks, 

‘We may mummurize the accomplishments of the Greeks 
in cheminery by maying du theiz work was diminguished on 
the one hand by many brilliant conceptions, some of which 
had a great influence oo the futore binory of the science, 
and that it was characterized on the other by 2 great lack 
‘of experimental abilicy, nach as was needed for subjecting 
hei wpeculanions to practical texte, They failed to make 
‘ptuper use of such experimental knowledge as they already 
‘Powemed, for had chey applied che densimerric method of 
Archimedes (887-211 26) to tating the gold wd silver that 
they thought to obkaia by the transanutation of bake wetas, 
they would have demonrrated the fallacy of alcheary at the 
oubet and thot mved the world from one of the greatest 
‘Mlasions of the human wind, 

Nicephorus Blemmydes, one of the later Greek writers of 
the thineenth century, once stated that the four require 
‘ments for successal operations in chemistry were “a balance, 
‘2 furnace, a eupply of fuel, and 2 mind that wes subtle and 
‘elimived.” The suble and ublicited mind the Greeks al- 
‘ways powensed, but their recognition of the value af the 
Valance came too late. The opportunity of drawing funds. 
mental deductions from experimental work with 2h ine 
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ment was reserved for fauure time ta che younger clvilia- 
igs of the West. 





‘ri Temes rancor 
‘The alchemiatic ideas of the Alexandrian Grecks were at 
sinuilized in the seventh century by their Arab conquerors, 
‘wha for the next five centuries were the only race to make 
advancement io chemistry. The science is indebted to the 
‘Arabs for new knowledge and also for new error. Arb 
influences are indicated by such words as cissir, alkali, al- 
cohol, mad the word alchemy inelf. Avicenna (980-1087). 
Rhases (Bye-gga2), the more or lem mythical Geber (eighth 
century An), and other writers composed works upon al- 
chemical subjects; sore of the works appeating under their 
fosanes however, tre petudographs It wat from the Araba 
hat scholars af the Western natioos derived their frst 
Anowledge of alchemy; macy of the Arah watks were trans 
tated into Latia, 

‘A conception iotroduced into alchemy and promulgated 
bby Geber was that all soctals consist of sulphur abd amet- 
‘aury, This dualistic idea, however, did tot mtafy the Chris 
i alchemiss, who had to give everything « Trinitarion 
‘covception. Aa the Deity conisted of threx petoons and act 
hrimmelf was endowed with a body, soul, xod spirit, 0 the 
metals by analogy mutt have x triad of components, Thus 
arose the doctrine of the three prineiples—mercary, vulplur, 
aod salt. This docrrine, which was adopted by Paracelras 
(2493-2541) and the iatrochemits, although dhorterlived 
‘than the other fallacioas doctrines of the four elements and 
‘the four qualities, was just as pernicious a1 these other errors 
in its effects upoo the future of chemistry. Both schools of 
alchemists beld that metals owed their varied properties to 
differences in the propartions of their components and that 
the art of tranmmutation consisted simply in abstracting from 
a hase metal mare af one ingredient, such at extth or sult, 
and adding more of another, such at fre ar mercury. The 
‘diGiculey sbat none of these hypothetical components could 
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‘be found in the metals was met in both echools of alchemins 
‘by resorting to Aristotle's differentiation of ectuat and po- 
tential qualitier, The cath, water, air, fire, of mercury, 
walphur, and malt of metala were beld to be not the sctual 
substances thus designated, but potential or abstract entities, 
‘To prevent the confusion that might thus arise, thee ab- 
srractions were soosetimes referred to as “the mercury of de 
philosophers” “the mulphur of the philosophers” etc. By 
means of such falte auuumptions the contradictions beeween 
heary and practice were easily dlamissed, and the alchemien 
became only the more deeply involved in a oetwork of 
ignorance and error. 





YATMOGREAOITAY AND THO AEVORNS OF RORMAT BOYLE 


In the fiteenth century, following the invention af print- 
‘ng, when books upon science began to be widely circulated, 
men were atimolated to think for themselves upon the prob- 
Jems of the consctutlon and tranaformations of matter. The 
ong-eccepted doctrines handed down from antiquity beyan 
tm be questioned; from this time forward there was & grow- 
ing ware of scepticism concerning the purpoees and xicas of 
alchemy. One of the earliest leaders in this chemical revo- 
lution was Paracelsus (2498-2541), who auserted that “the 
‘object of chemistry isnot to make gold but to prepare medi- 
ines." This statement. although a great advance over the 
‘tims of alchemy, did not, however, involve a repudiation by 
liu author of the principles af the pseadaacience. Paracelnut 
was a firm believer in the actuality of tranmmutation. He 
ted, a8 ocular proof, the apparent conversion of iron into 
copper when a mail is placed in a solution of blue vitriol 
an experiment which the alchemists repeatedly performed 
for the puzpose of silencing their critics. He believed in the 
doctrine of the four elements and declared, “Man derives 
bis animal body from earch and water. but his animal life 
from fre and ait.” He appropriated the doctrine of the three 
principles and made it the bis of bis syrtem of iatrochem- 
fatry, “IE anyone wishes 10 read and understand ey philow- 
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opby.” be prodsimed, “let him tnow that sulphur, 
mercury, and walt are the bes wnd eurest guides of the phys. 
cian.” Anrology, becromancy, magic, and sopereition Sill the 
‘pages of his works. He discourses upon tt microcomn, the 
quinteucnce, the aliahet, bomunculi, amulea, and ele 
‘manders. Digartion is explaioed by the action within the 
‘body of in intelligent archew or demon which acpanstes 
from the food the ingredients bat are sueful for growth, 
Boch animal ha its special ercheus or alchemist. “The pea- 
‘cock eats makes and luaris, the mlamander fre, and the pig 
dung. The alchemist of the pig is much more subtle than 
that of man, for it separates food from dung, which the 
alchemist of man is unable to do. Wherefore pig excrement 
4s not eaten by any animal. For no alchewix is » skiifu! 
as the pig’s alchemist in the separation of food.” According 
to Parnceluos, to0 much sulphur in the diet gives rise 10 
Fever, t00 little to gout. Am excem of mercury causes parayis, 
and an increase of sit produces dunrrbea and dropey. It 
thus seen that in stunning the vain practices of operative 
alchemy Paracelius ruhed 10 other extremes which were 
equally lantacic and unimseilipble, 

‘But dotwithitanding his extavaganca aod cradities, Para. 
celia by making the preparation of toedicnes the aun ob- 
ject of chemintry infused ew life into w science which waa 
‘being threatened with extinction by the fruitles endesvors 
af alchemy. He broke eflectively with tradition; a2 resalt 
of his work chemistry soon became wa indispenmble study 
‘in the education of every physician. He introduced new 
Preparations of mercury. antizooay, iron, copper, and otber 
‘oetale foto medicine, and the work be thas initiated was 
carried forvard enthusiastically in the mucceeding century 
by Lituvins (1540-1636), Van Helmont (1577-1644), Glauber 
{2604-1668), Konckel (16307715), and other followers of 
the iatrocbemiol school Aa a result of their labors many 
new chemica) compounds and proceses were discovered, 
‘while at the same time many of the exinvagant conceptions 
of Paracelsas himeclf were tejeced. Pharmaceutical chem- 
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inary was created in this period: and by the new discoveries 
the way was paved for the great reform of Robert Boyle 
(2607-2691), who it his Scepticat Chemist (1661) ellectively 
demolsted che srguicents of tbe alchemin for the Aria 
talian doctrine of four clement and of the iaochemim for 
the Paracclian eheory of Uhree principles, 

By announcing thar che true ai of chemistry was to 
discover the composition of subttances and not to make goid 
‘or medicines, Boyle was the Srvt to direct the wcince in its 
‘proper path. He helped to revive the atomic theory of De- 
‘mocritua and predicted that the time would come when 
‘many more chemical elements would be known than were 
sarumed in bis day. He enunciated che fundamental axiom, 
that any substance that cannot be decomposed into simpler 
constituent is an clement. Yet Boyle himself was x firm 
Deliever in the doctrine of transmotation and even claimed 
to have demonsrated i experimemally by cooverting gold 
into silver by means of bis menstruum Perecutum, 90 c1- 

which we now know to have been erroncous 
‘becuse of a rontaaination of bis gold with wlver. Although 
tan opponent of the doctrine of the three principles, Boyle 
‘included im the Jin of his rewedies not ouly all the mer- 
‘arial, antimonial, and other preparations of the iatrochecai- 
cal school, but such dingusting ingredient as powders of 
dung, dead men's skulls, earthworms, wood-lice, and vipers 
‘The existence ofthese and many other blemishes in the pul 
Tications of Boyle do noe detract, however, from the value of 
‘his reforme He builded berter tha he knew, aod largely 
sa renult of his work most of the error of chemistry rerut- 
ing from the mistakes of alchemy and iatrochemiatry were 
eliminated in the following balfcentury. He deserves to 
rank as the firt of the great founder of modern chemistry. 


{aLOGSTON AND THE XETORNS OF LAVOUER 

‘The evenctal period in the history of chessistry berween 
‘the death of Bayle (3691) and the dexth of Priealey (1809) 
has been called the period of phlogiston. Jc wat an era when, 
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sore byilfsmt chemical discoveries were made than in all 
previous time, yet many of the achicvements during this 
period were accomplished by men who strove to vindicate 
a wholly erroneous theory. Chemints, working under the in- 
fluence of Boyle’ reforms, began ta forme the false path 
of alebemy snd iatrochemistry in ondet to turn their atten- 
don eo salving the problems of the eoeueication af matter 
‘more particularly the basic probiem of combustion, which 
had conciuoally intrigued che axention af inquirer since 
the time of the old Greek fire philosopher Hemclitus, Com 
‘ustion, or calcination, according to the ancient philewophers 
and the later alchemisu, was simply 2 convenion of heavy 
earthy mubrtances into the lighter element of water, ai, and 
fire, the remaining wih being simply an uncoorumed residue 
of earth, 

or the genesis of the phlogiston theory we must go back 
to one of Boyle's contersporsries, Johann Becher (635+ 
2682), who, at Grit « dabbier ia alchemy, becare dleatsficd 
with the vaio pretensions of the goldqpaters and chemical 
Ihealers, He sought to reform the old Paracelian doctrine 
of three principles by aubsticuting ia their place his socalled 
Uhre fundamental exrths-che terre pingus or fatty earth 
in place of sulphur, the terra mercunits or mercurial earth 
4n place of sxercury, and the terre lajadis or soay earth in 
Place of salt. Upon the proportions in which these three 
cartha were combined the natore of any material was held 
to eepend. According to Becher. the combustion or calcina- 
tion of rubetances was due to the escape of the terra pinguit 
or fay earch. 

‘Bccher's revolutionary conception of combustion was 
takea up zealously by bis pupil Georg Stahl (1660-7744), an 
antent searcher for truth, who elaborated the theory of his 
teacher and gave the name phlogiston (fram the Greck word 
‘¢leywrdc, meaning inflammable) to the principle of infizm- 
‘toabilicy oF Serre Pingus of bis teacher. According to Stabl, 
all combustible sabstaness and all metals rosceptible to oal- 
ination contain pblogiston, which exapes when the sub- 
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vance is ignited. The more inflammable the subsance, the 
more pllogision was supposed to be present. In the case of 
a meal, it phlogiston was chought to exist in combir 

‘with in calx, or aah, which was left bebind when the plogi- 
tom was expelled. To regenerate a metal from ity calx the 
phlogiston mus be added again; this was done by heating 
the calx in comtact with any aubsance rich io. pblogiston, 
‘exch as coal, In the same way Stab] proved to his own satis 
faction that sulphur was 2 compound of pblogiston and mi!- 
pphuric acid; for when the latter was beated with coal, 
‘ulpbur was again regenerated. 

‘While Sal's theory of phlogiston seemed to offer a sais. 
factory explanation for maay phenomena af comburion, 
here war one great umbling block it failed to rengve: 
that was the increase in weight that metals underwent upon 
‘ealouation. I€ phlogiston were expelled upon beating, the 
cals that was let behind should weigh lex than the amount 
cof mexal that war taken. Actually the calx of ath always 
‘weighed more, which would indscare thet something was 
added to the metal instead of some constituent being 7 
moved. In fact. Boyle, in bis eaay "Fire apd Flame 
Werghed,” had alteady shown that copper, silver, tin, lead, 
fron, and sinc when calomed all iocremsed in weight, » phe 
‘nomenon which be wrongly attributed to the absorption by 
‘the mactals in their pores of ama! particles of ame, The old 
idea of the corpuscular nature of fre sill perusted in the 
‘mind of this akiled experimenter, 

‘To overcome the objertice of the increase in weight by 
metals during calcination, the delenders of Sahl's theory 
took refuge fa the explapstion that their bypothetical 
phlogivon had a oegative weight—in other words, that it 
wat repelled and not attracted by gravity. Its removal From 
a metal wou'd, therefore, make the residual calx weigh mate 
than the metal itself. This explanation, however illogical it 
‘may appear, seemed to satisfy the minds of many eminent 
chemist: Manggraf (1709-178), Macqoer (17161764), Blick 
(s7n8s799), Cavendish (0799-1810), Priestley (1739-1804), 
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Bergman (9785-1784), Schecle (1742-786), and many other 
noted chemina who made discoveries of epoch-making im- 
Portance were all advocates of che exconeoas theery af 
phloginon. Indeed, Cavendish, by is discovery of hydrogen, 
‘thought he bad isolated phlogizton, the inflzeamable gus that 
swag evolved when metals were treated with acids being 
thought to have come from the metals themuclves and at 
froma the acid. 

(On every ianus the phlogistoniats took the oppodce of che 
correct explanation. Yer sheit eptem in many wayt was cot 
Aixent, and although absalutely ertoneoas in principle, it 
helped greatly to the advancement of chemistry. The very 
ducaveries of the phlogistonist, however, proved in the cod. 
tobe the demolition oftheir theary. The discovery of oxygen 
hoy Pricrdey and Scheele was the ey that Jo the skilful 
dunda of Lavoisier unlocked the door that opeaed up the 
immense vistas of modern chemisy. Lavoisier demooatrated 
bby exact quantitauve experiments that the increase in 
weight alser calcination was due to the combioation of the 
‘metal, not with the hypothetical fery efuvinm that Boyle 
postulated, but with the dephlogiticated air that Priestley 
‘hizaett fit brought to Lavoislers attention and which the 
litter afterwards renamed oxygen (from the Greek word 
ef, aid, anid perés, producing). The mysery of combute 
don was thus finally solved, and with it those other prob- 
lems of rednctian, respiration, corroion, regeneration, vox 
decay which bad putiled the tainds of men since the time 
vf dhe farolf announcemest of Heraclicus that “all vine 
phe 

‘But the okt phlogistoniss were sow to give way before 
the advancement of the new koowledge. Dr. Jovegh Prieley, 
the last of che phlogivioniss, vemutined fsithfal to Stahl’ 
theory and died will believing in ist corecenem. It in sad 
to think thet the lat scientific wotk from che pen of this 
great chemist was 2 vain attempt to cxablish the truth of 
the already discredited doctrie of phlogiton. The lat. abot 
im the memorable cance between phloginaniim and the 
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‘new chemistry was Bred by Priealey from the stronghold of 
‘hls laborntory in Northumberland. Peansylvania. 
‘rim Aros TmoRY 

The epochsaaking career of Anuaine Lavoisier (074§- 
2794) vat cat short io the midst of hia brilliant dissoverien 
bby his unfortunate execution during the wormy period of 
‘the French Revolution. In addition to sclving the problem 
of combustion. be had auisted in replacing the old chaotic 
pomenelature of alchemy and iatrochemistry with our prev 
ct rational sytem of clumifcation. Following Bople, be de- 
fined an element 21 a substance which cannot be further 
decoaposed, and upon this basis he coastracted the fre 
tuble of simple rubstancer or elements. In this table were 
‘twenty-three of our prevent clements and eight others which 
were known in combination but bad not yet been itolated 
‘The inclusion of light and Neat in Lavoisier’s able of ele 
ments is 4 relic of the ancient Heraclivean idea that fre 
cor caloric is a material eubwance—ao error which wa# oot 
liminuted for veveral decades yet to come, We know that 
‘Lavoisier at ce time of bis wotieaely death had vant projects 
cf research in view: bla execution by the guillotine may be 
regarded as che greatest tragedy in che history of chemistry. 
“There were great untolved problems which awaited is 
attention, the greatest of these being the explanation of the 
Jawa that goverued the combination of the elewentary sub- 
‘wanes in his table. Had che Tile of Lavoisier beea spared, 
1s bribiant inteliect would no doubt have speedily solved 
this problem also, and chemistry might thus have been 
spared the long succesion of errors during the next sixty 
years before the unraveling of the problem of atoms and 
‘molecules was finally attained. 

‘The old atomic theory of Democritus, revived by Boyle 
‘md Newtoa, was the weapon with which Jahn Daltoo (1766 
184) fint attacked this peoblem. Reasoning from a deaioa- 
stration of Newton that a gas ‘of minute atoms wbich 
repel exch other by a force which increases iu propottion 
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ss the distance berween the atoms diminishes, Dalim an 
cluded that the difusion of mixed geser could only be 
explained by amuming that “gases of diferent kinds have a 
difference in the sie of their atoms.” Knowing the density 
‘of oxygen, hydrogen, and nitrogen. Dalton conceived that 
bbe could calculate the relative sios of his hypothetical atoms 
HW he knew the relation of the weight jo which these 
lements combined. His seudy of dae relations Jed bim to 
the discovery of the law of raultiple proportions, which 
‘ates that when two elements onite in more than ope comt- 
Dination, these stand to each other in x simple arithmetical 
ratio, When twa elements unite in but one proportion, Dal- 
ton asiumed that but one atom of each entered inta com- 
bination. He accarding’y adopeed the formala © for water 
and ©O for ammonia, O, ©. and © being Dalton’s ymbols 
for hydrogen, axygen, and. nitrogen respectively. Dalcon’s 
analytes showed thac oae part by weight of hydrogen com- 
‘bined with 6.5 parts by wright of oxygen aod with 5 parte 
‘by werghe of nitrogen, these combining weights, as they are 
now called, being designated by Dalton “relative stomic 
weights” Becuuse of imperfectioos in bis analytical methods 
Duton’s combining weights are somewhat different from 
those accepted at proent These relations are ssen more 
Clearly in the following table: 


Relative 

atomic Combining 

Symbol eright, eight, 

Blement Dalton” Modern Dalton Modern 
fags Ot : 
xen © 9 8 144 
Niven = Ns 48 
Carbon Cd 


‘When two elements united in moce than one proportion, 
Dalton selected the simplest ratios Ghat would sutisfy the 
resolu of his analytical determinations. Thus, for the three 
xides of nitrogen Dalton postulated the formulas DO 
0) for nitrous oxide, @O (NO} for nitric oxide, and 
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©@O (NO,} for nitrogen dioxide—the moder symbols of 
these compounds being izuctted in parentheses. Dalton's gen 
eval conclusions may be summarized es follows: (1) Every 
clement is composed of hoxaogencous atoms whote weight i# 
‘onrtant; (2) chemical compounds are formed by the union 
of stows of different elements in the simpleat numerical pro- 
porcions. 

Dalton’s atomic theory was received most favorably by 
Chemists, a8 it clarified considerably the problem of chemi 
‘al combination. It was soon confirmed in many respects by 
GayLumac's discovery (:805) of the law of volumes. Gay: 
LLumac (17781850) found that, no matter which gut was in 
exces, 100 volumes of oxygen always combined with 400 
‘volumes of hydrogen to form water; that 100 volumes of 
‘ammonia always reacted with 100 volumes of hydrochloric. 
acid fatto farm ammenium chloride, and that 190 volumes 
(of nitrogen always united with 0 volumes of axygen to form 
‘nitrous oxide, with 100 volumes of oxygen to form nitric 
oxide, and wih 100 volumes of oxygen to form nitrogen 
peroxide. From thee data the general law was deduced 
‘that chemical combination betweeo gases takes place in 
simple volume ratios, and that when contraction occur in 
such combinations, the diminution in volume bears a simple 
ratio to the volumes of the original gases. The existence of 
siagle ratios for combining weights, as announced by Dal- 
tan, and for combining volumes of gases, at anounced by 
GayLuwac, scemed at ooce to indicate that equal volumes 
Of gives mast coneain the tame auraber of atoms ahd, there: 
fore, that the weights of equal volucscs oF gave were cx: 
actly proportional so the atomic weights. This conclusion, 
however, was dot acotptable to Delton, who in 1807 raised 
the following objection: “Query. Are there the mame rrumbet 
‘of particles of any elit uid in a given volume and under 
a given premure? No, aotic [that is’ nitrogen) and oxygen 
gave mixed equal meanures give half the number of par 
tele of nisout gs [Baty me exe, NO] pel ite 
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Dalton’s view can be andentond more clearly by the fol- 

lowing diagram, in which the atoms of the two games are 

represented by the modern symbole: 


1 vole with » partidos vole, with 1 panice af NO gua 
agreed with experiment bet is concrary to the theory 
(of equal mumbers of panicle in equal volumes, 

AC he dheory vat the ultimate purticles ofall gases oocupy 
the sume volume is correct, then, according to Dalton, tbe 
volume of the NO gas should be oaly anehalf that of the 
two combining gas or 


vole with v paricln— woh wich 2 particle 
‘Which ia contrary to experiment. 

‘A dimple solution of this ificulty, which perplexed chem- 
us for many years, was proposed in 2811 by the Italian 
Physict Amadeo Avogadso (1776-1856), who stated that the 
‘ootradictions in this and all other srailar cases could be 
lurmonited if we regard the whimate parscler of all ele 
mentary gaaer ws compounds, wo that instead of N and O we 
should rutaticate NN snd O-O a the reacting waite Our 
iggrmm woald thea show 


vols with 9 moleralmens wie with © molecales of NO gus 
‘which agrees with boc theory and experictent. 
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‘Avogadro termed bia compound particles “integral mole 
cules" (for which we now retain the word molecule) and his 

simple particle “elementary molecolet™ (for which we Dow 

rubstitute the word atom), Hit bypotbesis may then be de- 
ined: “Equal volumes of gues at the same temperature and 
remure cootain equal numbert of molecules.” 

This a dngular fact chat thi clavlying announcement of 
‘Avogudro fell upon deat ean: chemalsts by postponing their 
recognition of his fundamental diftreariation between 
atoms and molecules were fox in a quagmire of confuslon 
for the next Shy year. Dakon, in the query previously 
(quoted, hud already propounded Avogadro's hypothesis and 
at once rejected it; the idea, if it occurred to him, of 
doubling the viimate particle of an elementary ge prob- 
ably appeared irrational. Such was a0 doubt the autirude 
‘of other chemists Tt was Dot until 1860, ac the Toteraational 
Chemica) Congress of Karlrohe, when chemisss from all 
European countries coovencd to being order out af the 
chaos of misundersending about the meaning of tbe terms 
‘atomic weight, combining equivalent, atom, molecule, bir 
icity, et, and about the eethods of expresing chemical for: 
‘mule, chat Suanislao Cannizearo (1846-1910), by his insistence 
‘upon the correctnest and importance of Avogadro's hypothe- 
sis, indicated the path that led chemiss out of the wildernes 
to the enabtishoent of the present aystex of chemical now- 
don. The atomic weight of oxygen was then exablished as 
36 and not at 8, and the formula for water rewritten o 
HO and pot as HO ws fret propored by Dalton, Tt wat 
twenty yeary, however, after the Karleruhe eongren before 
this and the other relorms remlting from Avogadro's hy 
pothesis were generally adopted. 

‘The question might be asked, “Why did chemise pense 
in error for two generations when the truth of the matter 
Tad already been announced?” Many other instances of the 
delayed acceptance of mruth can be cited in the hisory of 
‘Chemistry, a more recent example being the important phase 
‘rae of Willard Gibbs (1659-1908), wich explained wa many 
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phenomena relating wo the smares of mutter. This it prob 
ably in prt the result of x natural gonservatian with many 
scientific men to sccepe hypotheses unlest chey are accom- 
[panied by experimental proofs. Chemistry ix rightly regarded. 
‘a an experimental science: tad Avogadro and Gibbs ac- 
‘coupanied their announcements with practical demonstra. 
ons and suggestive applications, the acceptance of their 
hearin would oo doubt have been greatly hanened. It 
‘must also be remembered that in Avogadro's time chemical 
science was 40 young that che actual significance of his sag 
‘gertion in the folution af the problems that were pending, 
‘ys not uodentood. 


vera 


From the earlier: times in the history of chemistry there 
have existed two scboolt of thought which held opposite 
views with regard to the nature of the chemical processes of 
‘plant and animal tile. The view of the anceot schoo! of 
Democritus waa the purely materialisoc one that the opera- 
‘tons within a living body are controlled by the sue me- 
chanical laws of atomic action at prevail eliewhere in the 
universe. Gostrary to this opicion is the belick of the Hip- 
ppocratc wehool chat here is within the body an inate vital 
faculty or force which goveros the operations of digertion 
and the like. The conflict betweca these cwo rival schools is 
reflected in the pages of Galen (23t20: AD) and other 
tuocient writers. The vitalistic theory in various form: was 
passed on through the Middle Ages to modern times. Para 
celsus, and, following him, Van Helmont and other iatro- 
chemin, at we have noted, held that there was an inteli- 
feat demon or archews which regulated digestion and other 
‘bodily functions. Stab, the founder of the plogiston theory, 
Adopted 2 somewhat similar catia! explanstion, holding 
that it wat the soul chat directed the functions of the body; 
coher phloginonints held x similar belief. This idea of a 
‘directing vital force, which was neither cbemieal oor mc- 
hanical in action and operated in living cells only, pre- 
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smiled ater the time of Lavoisier, It was held by the great 
Swedish chemist J. J. Beraslins (1779-1848), who declared 
that it was impossible to synthesize in che laboratory the 
cerganic compounds that were produced in plants and ani- 
mals This belief that organic compounds were formed solely 
‘by a vital force was overthzown in 1818 by Fredrich Wahler 
(180088), who synthesized the orgenic subeance rea, 
which ia secreted im the urine, by heating ammonium iso 
cyanate which can be prepared from inorganic materials: 
NB, 
NEON = 0 


‘a, 


‘Ammonium isocyanate Ure 


‘The old vitlisic belief, however, mas slow to give way, 
and it was only after eaany other compounds of plant and 
animal origia had been mnthesized in the laboratory trom 
‘norganie substances that it became generally recognized 
dat the laws of chemiuary and of the conservation of energy 
‘hold at rigidly io the Uving os in the inanimate world, 


‘Tar THmoey oF FRuerer<TiON 


‘Next to combustion probably no other subject bas aroused 
© much speculation and coctroverry ic the history of chem- 
ery a fermentation. The action of a minute quantity of 
Jeaven in fermenting x large mam of dough was cited by the 
ancient alchemirt a8 an evidence of the immense converting 
ower of a single grain of the philosopher's none. They 
‘regarded the tramotation of metals as a fermentation. The 
ideas of the iatrochemists about fermentation were similarly 
vague. Stahl, the phlogitanist, wes the first to muggea © 
oechanical explanation of the phenomenon by asreming # 
‘ramsfcr of the motion of a fermenting particle to other par 
tdeles. A similar view was held by Sir Imac Newion (1642 
1987) who stated: “In fermentation the particles of bodies 


ig TRE STORY OF HUMAN ERROR 
almost rest are put foto ew motions by 4 very potent 
principle which aca upon them only when they approach 
fone another and causes them ts meet and claik with great 
violence and grow hot with the cotion and cluth ome m- 
other into pieces and vanish into air and vapors and flame." 
Lavoisier, in his thoroughly scientific way, left speculation 
‘lone and demonstrated that the amount of alcohol and 
carbonic acid produced in fermentation bad the same weight 
a that of the sugar fermemed, which helped him to make 
the important broad geveralization that matter is never 
catcoyed but only uadergoce « change in form, While Lx 
voitier Glad to detect ceria micor byproducts of the 
alcoholic fermentation, bis main cooctasion was Fundamen- 
tally correct. 

1, J. Thenaed (1771857) focased his attention upon yeast 
as the cae of alcobolic fermentation and taught that the 
Jarter must not be confused with oxher fermentations, wach 
1 that of vinegar in which the akohol of wine is oxidized 
1 acetic acid. A vitalinic conception of a living ferment then 
entered into the discumion; Dut it was soon shown tat fiely 
divided platinum could by mere contact with alcohol oxidize 
{to acttic acd. “This seemed to strengthen the mechanistic 
explanation of fermentanon by contact without the inter 
vention of life. Bercelius adopted this contact theory and 
{nuroduced the term “catalytic action” to explain the action 
of yeast upon sugar. Justas von Liebig (180$-1879), the cele 
‘beated founder of modern organic cheminry, took 2 tome. 
‘what similar view: that yea was riply ao unseble 
aThuminous body which underwent spooteneous dexoespo- 
sition, the internal vibrations thereby produced being 
conmmunicated to the sogar and bringing about its devompo- 
sttion. 

‘Lavis Pasteur (1814-1895), whowe Cami researches demon- 
seruicd that cach type of fermentation—akeoholic, acetic, 
Tactic, berytic. ete vas due wo a specife organism, com- 
pletely demolished this theory of Licbig. Paneur’s epboriam, 
"Ne fermentation without life;” seemed 10 confitm the wi: 
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talinéc view, until Eduard Bochner (18601917) in 1897 
‘golaed from yeart a lifeless ferment (ie, enzyme) which 
‘converted agar into aloohol and carbon dioxide. This work 
disproved the vitalitic theory as expresied by Pasteur; the 
view of fermentation beld at present is that yeast, bacteria, 
and other microdeganimns produce catalytic chemical changes 
bby emu of enzymes which are present within theit cella, 
A recouciliasion wat thus effected between the oppoting 
views of the different worker, each onc of whom, althoagkt 
artally in error, contributed his share to the final solution 
of the problea. 


Space la lacking to discuss other “errors in chemistry 
och dhe crvor of Lavoisier’s oxygen theory of acids, the 
terror of Berzeliut dualistic theory of chemical compounds, 
the exror of Mukler's hoamus theory of plant putrition, the 
error of Liebig’s theory of base exchange in wile, the errore 
in che discovery of spurious elements, the etrors in xtomic- 
weight determination, and many others which might be 
mentioned. Enough bas been shown, however, to illustrate 
the fact that in chemistry, as in other sciences, the quest 
cof trath ia always accompanied by the commitment of errors. 
Ervors are but the waste and débria that have accumulated, 
fn the erretion of the beautifo! srucrure of moder chem- 
latey which in mill far from complete. Our modern chemical 
Aiterature is Glled with exvors which foture research will 
iradually eliminate, The mere search for errom, bowever, is 
1s fruidess endeavor if we lowe vight of the great tratha that 
have been gleaned by the men whose mistakes have been 
‘dexcribed in the present chapter. 

Tk should not be forgotten, moreover, that many of the 
socalled errocs of chemistry that were long ago rejected have 
‘been found in the end to be true. The breaking down of 
‘uranium into radium and of radinm into lead are nataral 
confirmations of the olé doctrine of tanimutation; many 
other conversions of the elements recently achieved in the 
lnboratary are but modern vindications of the ancient car- 
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inal doctrine of alchemy. The olf releced doctrine of 
“Heradlitaa that “dhe all is ooe bas again come into ia ow, 
‘with the discovery that the atoms of all elements are com 
‘pore ofthe same materia primaprotons apd electrons. The 
‘once discarded hypothesis of Prout (1785-t850) thar the 
sioms of all the elements are but condensationa of atoms 
of hydrogen is now revived by the modern theory that the 
‘mate of a] atom resides chicdy in che protons and that the 
aurmber of proepas in the stoms of the dilferent elements 
are even multiples of the single proton of byiirogen. AU of 
‘which it but a cooGimation of the old adage that “trath 
crushed to earth shall rie again.” 


Section LIT 
THE LIVING REALM 


Cuartex VI 
BRROR IN 2051067 
By Howard M. Parshley 
ZoBvOGY is the inclusive science that desis with oni 





Soe at aed Geel foe epee poem al 
fig sly calcd Arta tthe agri rer of cetion 
‘who calls Kime? Homo waplens, ae éacluded sehin ut 20p¢. 
Aajare the darn of lastory, man's cunority and observtion~ 
foundations of all wcience—mert direcied toward the animals 
that weve aseful or ingarvous to humen interest; while man’ 
fear and imaginationchie} sources of all erver—played wih 
their fol loght upon whatever growled beyond the marrow 
circle of the comp fie and upon whatever happened without due 
‘cause apparent to the dim intelligence end feuly obseroation 
of the tame. For long. wun himelf war held to be entirely 
tenigue, a cresture opart from the animals thet helped or hurt 
Jim; and mven now the common faite te recogmee thot such 
thudir as rychology and medicine are relly branches of sal. 
(gy tends to perpetuate this fat and forematt of all oblogicel 
‘errors. The newhy energing science of human biology wr finally 
dspeteng this ancient entconception: and we ore beginmeng (0 
‘reap in all felds the mdvaniage—partilly realized in the davet- 
‘pment of Pytology and medicine~growing out of the eppik 





“in the folowing eget se shall race the istory of so8logh- 
cal scimce, with oct iateratcenteed upon the errs that heat 
smerked iss eoune. We thal find that erors are Mo all of 
‘Armd. They difer not only im magwcinde and in their eects 
tepon progres, but car in heir very mature. Indeed, there & 
196 of error gaite bucperable from the procescalled the 
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scientific methodthrough Bich alone it x ponible 10 gain 
sect 10 the truths of nature. We shall beg, therfore, with 
ome several remarhs upon truth and eror, by may of necenary 
Introduction to what fallowt. 





‘TRUTH Av soneE oR OF EAR 
FT DISTINCTION and the imporsaner of genuine 
observational science depend upon the fact that ruch 
srtenee alooe affords a general method of approach to true 
and useful knowledge. Through observation and experimen: 
tarion, tentative enggestion of hypotheses, resting of auch 
Ihypotheten, and veriScation, we may get ar the truth in par- 
Uicular instances, as near to absolute truth at it is given 
man to see. Yee every sieace embraces errant and unsolved. 
a» well as unrecognized problems, wloog with the accumu 
lated body of truth which by its continual growth maker 
the science a reliable guide to an everwidening feld and 
‘our conuantly increasing trust in iu findings, That 
philwopby and religion aust their own. allegedly prior 
Claious an ways to truth simply means, at bottoms, that 
thought, opinion, and behef—the “creative intelligence” aa 
‘opposed 10 disciplined cunesity and observation—got into 
action before science developed, and established pretensi 
that remain unrelinguished to this day. ‘The errors of in 
falibility, whether it be logical o theological, are per- 
‘manent, 

‘The delusions and errors of acience, on the contrary. lat 
only as long 2 the ignorance that gave them birth. The 
2odlogiat derives his profeaional satisfacion 24 touch from 
exposing an old misake ax from discovering 2 pew fact or 
principle of Nature. Indeed, the scientific method itll, 
Younded deeply upoo che basic behavionpanern of animal 
life, proceeds by the way of trial and error and bus makes 
fruicfal te of the fnlee amusmptiony faulty deductions, and 
wild eurmises that spring huxurienty from “creative” 
thought, The procases of Giought are certainly neceamry in 





ERROR (N ZOLOGY 199 
arriving at « comprehensive theory: but if the eheory ia to 
‘be reliable and true, it mom be freed from incorrect as 
sumptions, deductions and satmises—to ary nothing of more 
or lew cooteious wishes_by the refining and error eliminat- 
‘ng power of the scientific method. A wrong hypothesis, ex 
ployed temporarily, i tooo revealed for what it is when 
subjected 10 cracal experiment, further ad hoe observation, 
‘or corraborative efor by other qualified investigators; but 
in thia procen it may frequently sere to moggest other and 
more promising Tines of rewarch, aroong which moner oF 
Tater the right one will ultimately be found. Thus, under 
the method of modem investigation, aodlogy, like other 
sciences, advances to the accompanizaent of innumerable 
‘cron but these errors are harwoies when duly regarded a8 
tentative notions and finally repudiated as they fil to past 
the text of verifcation and prediction, 

Tf we could know the complete hinory of roblogy, there: 
fore, we sbould have an eodiew Liat of exors to deal with: 
"the history of error,” mays Sarton, "ia, of its very nature, 
Infinite” But che Gict is that » wast majority of those, 
0 to speak, routine errors of the scientific method never 
come ta light, ave sometimes in the original detailed re- 
ports of techoical experimentation. They constitute the 
fag and drom which is rejected and forgotien~and quite 
pproperly—while general attention is centered upon the puti- 
ed items of truth chat are obtained from socceaful inveni- 
fruions. Only those who tave themselves worked in the 
‘eaearch Taboretory can reatiae ow reany fala start, how 
mary ruefully if promptly abandoued schemes aod bypoth- 
‘aes, bow many prematurely published and quickly re- 
pudiated conclusions, mark the esoteric history of even 
productive line: of research—cot to mention the courte, 
abortive eforts, iocluding not a few thet weré the work of 
a lifetime, in which errot was soon or late perosived to be 
supreme. 

“These routine errom of the scientific method consitoie 
* Garg Suto, iret the Mlery of ees mga 25}. 
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he Gint of che three main categories that we may distin- 
gush in our efor: to undentand the plece of error in 
oblogiaal wience, namely: (2) tentatie—enrors inherent in 
the scientific method of trial snd error, which ate con 
scjouily regarded as 06 tria] before chey ate unmasked and 
discarded; (2) imeginative-falee information and beliela 
Tied by laymen and sodlogias in common simply became 
the quotions involved have pot been sabjexed to any oF 
to adequate technica? investigation; (3) screntfic—minaken 
views beld by soblogias more or Jest generally and for a 
ooger or shorter period of time, which are based om unre- 
Unble, misoueepreted, or fraudulent data. Like all biologi- 
fal clauifications, this mmmary dispotal of all zoclogical 
errors in three groups is somewhat arbitrary, io that some 
‘mistakes no doubt exis that do not fit readily into any of 
the categories, while others are of much character that they 
sight be placed with equal reason in vot ot another of 
them; yet this grouping hat a distioct valoe, Deore it 
dinioguiahes at lear the mos impartant Kinds of zoalogical 
crros and, with few exceptions, ves the satua of the several 
erro as encountered. 

It may be noted further sat these three types of error 
‘bear a general relation to the historical development of 
amdlogy and to its practical valuca. Irogioative errors mark. 
eapecially the earlier periods, when science as we under 
wand it was scarcely existent. In those diye even the ables, 
minds, bowever heenly objective by nature, had weak de 
femues against fanciful belie, because of their restricied 
‘experience and lack of both 2 critical attitude and technical 
equipment. Ancient soblogy, even at its best, was infiltrated. 
with imaginative mistakes and thos had litle of practical 
value to offrr either to medicine or to agriculture. That 
it bad any scientific character at all is a magniscem wibate 
to the intellecal power of 2 few individual observers, 
of Aristotle particulazly. Later, daring Roman abd medieval 
times this light tailed, ox rather existed ax @ pale reection, 
incapable of promoting scientific progress and powerless 
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against the surrounding shadows of imagination, until at 
lax the modern period of rapid wientilic advance was made 
pomible by the development of uxhnical equipment and 
improved methods of research. With these came the con- 
scious use of tentative error and the tremendous growth 
snd muccom of practical application, only occasionally dis- 
torbed by the waxing and waning of ruch xcientiGc erro 
an in the nature of things were bound to arise from time 
‘0 time, an they will do. 
ance 100t007 

Primitive man was ignorant and correspondingly muperti- 
tou, His zoological knowledge consisted simply of practi- 
al facts aboot wild anizals that were dangerous or veful, 
Aamesticated species which shared his communal life, aod 
the otore obvious biological procencs of life, bird, and 
eath that he shared with Uhero. All else war imaginative 
error, 2k appears that the hraman species, once enablisbed 
as such, pomensed then ax now a brain adapted for think 
ing. wishing, and believing: aod the result was that, apart 
from the immediately practical and extremely narrow round 
of daily afsiry torn built up for hiowell a vast body of 
fanciful lore concerning the animals, which, insteed of 
lecturing the truth of Nature, reflected man's wishes andl 
Feary und satisGed his inner need to explain evernbing. 
‘Thus it was dhat be imagined the existence of a god outside 
‘Nature—how else could Nature bave been created and coa~ 
tinue to enist?—and 2 moultitude of spirits domicating unveco 
the activities of animals no less dum the manifestations of 
the weather, the flow of screams, ané the growth of trees 
From this beginning developed the mythology of antique 
civilintion, with its armay of imaginary animab—the uni- 
comm, the pbomix, the centaur, Prgamu—which were 100 
fabulous for any bur the most popular and iguoraat belief 
even in the times of Aristodle and Pliny and which there 
fore can hardly be reqanded as representing roBlogical errors 
at all, From che same origins magic developed als, st one 
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time a general doctrine or view of the universe and later 
a mere collection of rites and feats believed in by the credo: 
Jous. Arinotle, while almort free from euch belief, retained 
some vestiges of it, ais indicated by occasional pamages in 
Iris works which occur incoogroously among his recards 
of extraordinarily mumerous and exact unquestioned facts 
Yor example, he says that “the salamander shows that it is 
poaible for some animal eubsuances to exist in the Ste, for 
they say that fire 4s extinguished when this animal walks 
over it"; regarding bees he relates that while they make 
wax from flower, the honey is simply gathered by the 
innocts after “it falls from tbe air, priocipally about the rising 
of the mans and when the rainbow res upon the exh; 
(generally after the rising of the Pleindes. By way of support 
for this astrodogic belief be notes that “in the autumn there 
are flowers enongh, bat the bees make no honey.” 

But more often the error of Arutotle were caused simply 
by the ignorance which his technical resources were inade 
quate to overcame, while the element of magic and naper 
tition was far seconge: in his follower Plioy, at we shall 
tee, Regarding the breeding habia. of the cel, which are #0 
Aingolar and obscure that their discovery consticutet one 
of the rote recent trineapbs of modem zatlogical revextch, 
employing every resource of marine exploration ated ocexn- 
opaphy, Ariaote wpe: 


“ele ae not prodced frm sexual tnkereoune, Boe are they 
coviparo, 2c ave they eet ecw cecal with eee Ok 
‘vA aia, they bave been repodcod fa vme maby ponds 
item which all te eer ves avs and the mod ceased out 
hey cigs in wha: re ced the eniradh of the earth, 
‘stich fre found spontaneously im mud voit ext, Tey 
Tive been observed aking cir ape fom thom..-and they 
pan bhi ihe td ror wien fi mat 
Shaan: fo shoe places inthe 9x whlch re fal of 
‘ear the banks of ter tnd poms. 


Even this pamage ix notabie not a0 much for the error of 
awcribing spontaneous generation 10 the exl, as for the sew 
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ral statements, some of them dubious enough on the sur 
face, that fall truly into place in the modern scoount of 
the mart. Eels do reappear when drained ponds are fled 
again with water; they can be observed making their way 
over moist and manby eanh in their oow Guniliar migra 
soos; they really live both in che sex aod in fra water; 
‘their young can be seen among thick vexweed at the 36x 
shore and also near the banks of rivers in the sballow! 
Quite naturally, again, Arigtode went astray in regard 0 
cermin phenomena that could hardly be sen and under. 
‘ood without optical magnification. For inmance, he failed 
to observe the eggp of the sealler inserts and accounted for 
their origia ia various ways. Some, like flow and mosquitoes, 
appeared by spontaneous generation from decaying matter 
or, like bedbugs and lice, from the bodies of their hos; 
‘others, like flies and mothu, were produced by sexual inter 
course in te form o€ maggots or caterpillars. Yet Arimatle 
‘uw che nits of Loe and speaks of oviposition and the white 
‘ngs inside the body of the female grambopper, apparcauly 
‘without quite getting a clear picture of the uniora rBle of 
eggs whether Large or small, 

But the error of Aristotle were trifing and bighly ex 
‘cumble in comparison with those of Pliny (fint century A), 
‘who, a brave and hone soldier, badd an uncritical pausioa 
for collecting all sorts of information about animals from 
all available sources, however unzeliable. This information 
he recorded with omnivorous credality in bis vast Natural 
History. Even though it incladed srach of Arisotle's rae 
veieoce, Pliny’s work was so suffed with Use etzors of the 
time that it andoubiediy takes che palma as the greatest 
ingle reposivary of misinformation known to saan, This com- 
pilation became enormously popular throughout the medi- 
eval world but did litle or nothing to lighten those derk 
ages; ts effect was rather to reinforce the power of super 
seluion. It did, howerer, serve an a useful Bass when science 
‘was at lengch resurrected, after Sheen bundred years, 

‘not remarkable that there sboeld have edned att 
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“qnarvellous effects" (all erroneous) of the menstrual blood: 


On the appeoach of x woman in thie mae, mi will brome 
tour, reads which are torched by her Become sterile, grafts 


ling; bat, best of all, they are musiclovers, always ready 
to be charmed symphoniec canta! Both there xuthor, how: 
‘ever, knew the species to be a mammal—"they aucile their 
‘young’—and thus were muperior to the wi immagina- 
live error of the present day through which chese animals 
are thought 10 be fabes. 

1a Pliny we fiod well daplayed the points of coutart that 
exined between 20blogy and aingi, thet moet colomml and 
enduring of human errors. Though he firaaly disclaimed 
‘beliel in magical pertormancestike the freeborn American 
‘who jokingly but nooe the lew carefully avoids walking 
uubder the ladder or omitting his religious duties—Pliny 
tellin all yeriguapent of charms and remedies that evidently 
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fhe believed in, while scoring tome of the belief of othert 
Fot example, he reports that eating the fab of the sty 
fr wearing the Jongett tooth of a 63h can ward off or cure 
fevers aod that the weating of dhe carcam of a frog deprived. 
of its “daw” has therapeutic vit, It may be noted dus 
this atuibution of magical values belped decidedly ia main 
taining the untenabie doctrine, dear to Pliny apd co the 
ignorant even now, that every animal, as well xs all other 
satura objects, have some usc—"what were they made for?” 
During the Middle Ages the fifteen hundred yeun of 
scientific nagnation 2hat followed the decay of the Rowan 
Empire and the invasions of uncivilized hordes, zoblogy 
hardly existed at a field of productive etudy. In accordance 
‘with the doctrine of Thomas Aquinas, theological interents 
connected with the “Kingdoms of grace and biewednew"— 
sinfa men on exrth and saved souls in heaventook prece: 
eoce of secular interest in the “kingdom of Nature.” for 
which the works of Aristotle (and in leaer degree those 
of ey snd the echoes of bear new = Pil 

through 





aw was done. In the absence of any serious soblogy it would 
hardly be worth while to single out particular errors from 
the preporterous mas of sapertition and foolishnew, 
‘Among the Arabians trae science was cultivated more or 
Jems extensively during this time; they koew Aristotle ood 
Hippocraten, and even in the thirteenth century they pub- 
lished commentaries which induded new observations, Ont 
‘of thera, Sakarje ben Muhautsded, ia The Wonders of Ne 
fure, advanced an erroneous theocy of Sot, 10 the eect 
that they were aniuls petriGed by scam epierging from 
the ground 
sax moor 205t00" 

‘Aa the Middie Ages menged ino modern times (cir 
1pp0 a2), two main characterises of the Renaisance, Te- 
Tet Monten ory of Rcagy cw York, 19) 
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‘covery and wide disperml of clamical writings and the new 
freedom of interes in natural phenomena, Jed to a revival 
‘of modlogical science and to a rapid development of the 
subject which has continued without interruption to the 
present day. At fint, quite naturally, works were produced 
‘which followed Arisote and Pliny in general, reining 
some of the anecdotal and marvelous features of the latier 
and all of the inadequate claifcation and physiology of 
the former. The chief aim was to identify the animals 
‘mentioned by the ancients and to record along with them 
the large numbers of newiy discovered species continually 
coming to light as a result of the world-wide explorations 
then im progres. The new arts of printing and illustration 
furthered the publication and wide distribution of these 
works, of which the finest example vas the Historie Ant- 
twalium of Konrad von Geancr (15163565), commonly re- 
(arded as the sarcing point of modern 2oGlogy. Iti, indeed, 
De of the greatest of al biological wo:ks, comprising about 
thirty ve hundred pages in five enormous volume and 
containing many iDustations that could hardly be improved 
‘upom today. Its chief failings were the encyclopedic inclusion 
of folkdore and speculation and the failure to trace simi 
lnvities of form and function among the animals described. 
‘From this time on, the works of zoologiua were progrestively 
‘oatked by the elimination of rapersitious and imaginative 


Jumification in che work of Darwin. 

‘From the time of Aristotle to the middle of the seven- 
‘teenth century an abundant source of error lay in the unmil 
for miconcopic sae of many animals and thst past, ‘This 
Caused great confusion in connection withthe troduction 
of animals that do noe diplay conmpicnoon eg ike The 
of binds and reptile It led slo to the ctatsken belt 
tener up 0 the time of Marcelo Malpigh' section 
of the silzworm (about 1875) that smaller forme of life 
contain no intemal organk Using the recently developed 
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microscope, this marvelous technician, such to hia own 
surprise, dicovered in insece a fie anatomy po Jest com- 
plicated than that af larger animals. Sach microscopic work 
‘was necessary ot only for trating the hitherto neglected 
‘relaclonsbips among mdogial groups, tut elao for the final 
correctiog of longstanding ertory in wuch maajor aspect of 
phytiology 28 the circulation of che blood’ and for the 
elurdation of such unsuspeced fundamentals of biology 5b 
the cellular structure of animals aod platy che ignorance 
fof which fed to al! sores of enistaken views and farcestic 
‘peculatians, 

‘But the extty microscopic wotk, carried out with the aid 
of very imperfect xpparatus, contributed new errors of its 
‘own, of which we may note two exxmples. As ate at 1840, 
Christian Gouttied Ehrenberg, a great student of micto- 
scopic forme of life, dinging oo che erzuncons belief that 
all soimals wast powow ane comman type of arganization, 
Vitiated his otherwise valuable work by inrsting that be 
‘was right in his belief that he could Giscezn a digest 
tem, reproductive ongims with eg. und many other familiar 
structures in the minute bodies of animals that have noth- 
ing of the kind. Five years later Kasi T, E. von Sichold 
showed their true nature ax single ceis of protoplasn with- 
(out true organs and called them the Protoaoa. Much earlier, 
in 1877, Antonius van Leeawenboek and bis maciene Stephen 
‘ami discovered the sperm, an active element swiouniog 
fn the seminal fluid: whereupon others, expecially Niklas 
Harsoeker (16361735), straining their eyes to we the 
‘minute bodies through their imperfect microscopes and 
straining their imagioations to fc wat they saw with what 
they believed about the proces of reproduction, persuaded 
themuelves that each sperm contained a lire image, oam- 
plete in every part, needing for full development only ea 
be embedded in the nourishing ubrance of the egg. One 
tember of this school of thought raid that be mw in the 
‘husnan sperm “wo naked chighs, che legs, the breast, bork 
te Chae VO. 
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arma, etc, the skin being pulled up somewbat higher did 
cover the bead Hike a cap." Another group believed they 
conld discern the necemary parts all preformed ia the ogy. 
‘This erroneous preformation theory Ted logically ta the 
fantom fen of Chale Bonne (bout 1750) that erry 
female containa the germs of all ber descendants, enclosed 
one within amotber. He actually did sce 2 new generation 
forming within and emerging from the body of the plant- 
louse and fel justified in formolating bin idea a8 2 general 
principle by mich addiclonal observed facts as the existence 
of the young new plant as a rudiment within the seed 
and the presence of the adult Sosect with all Its pares within 
the sheli of the pupa. Although orthodox in religions belie, 
‘Bonnet was keen-minded enough to combat the erroneous 
scientific applicacon of the vizalutie philosophy—e m6logi- 
cal ertor which peralas in some quarters t9 this day—by 
ing out thac the bodlly funciane work on mechanistic 
principles and that the exe of the “soul” at an explana- 
tion is merely « facile begging of the question. The nude 
preforzmation theoty is a good example of bow a Iuuuriant 
sromth of sistaken beoriing can epcing from a tall root 
cof ebservatiooa! error, oF at least be nourithed by it, Jt was 
‘only toward be close of the nineteenth century that the 
advance in microscopic techoique enabliahed the very dit 
ferent trath regerding germical preformation or deterains- 
tion by disclosing the chromeoral spparates and the 
organization of che cag. 
Since 1890, soblogy, like other sciences, has made extruor- 
inary advances chrough the cooscious and intense appl 
cation in tevearch of what we have called the scentisec 
method. This, of coune, has iavolved 2 vast srulipliction 
of tentative exroc, of which a great majority bare never 
‘bem beard of outside the laboratories, though a few have 
fad their brief day of mare or Jem general credence. Imag- 
inative ervor—the inevitable outcome of ignorance and mi- 
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permiticn—has largely dimppeared with the growth of 
Rogwiedge, being represented currently moog scientists 
alroont catirey by religious and spitituainic bellefas A few 
‘Hill maintain that they Gnd io wcentifc knowledge eoovine- 
ing evidence of purpose in Nature and 2 personal Intel- 
ligence bebind i¢ al, and thus continse (however fecbly) in, 
wach works as The Great Dezign® the tradition of Willian 
Paley and hia Evidences of Christenity (1785), which, sc- 
cording to Singer (1931), “hypnotised until our owo time 
the Univenity where Newton bad taughn.” But for the 
‘most part, among zoblogists, this tradition is 9D be extis- 
(guished and finds ics lat and coon attenuated representatioe 
in the recooeiters who hold that we can gp “through science 
to God," or who maintain that science and religion we 
entirely separate provinces became “there ae two great 
‘evelations 10 mankid," or who occupy soene postion be- 
ween these two extremes* Historians i tbe foture muy 
well asociste the end of all this with Qhe amour “mookey 
Gril” et Dayton in Tennemer, where dhe recontilers heli 
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portance. Modem research in the behavior and reproduction 
of animals, for example, har disposed of so vast 2 body of 
cervor that in many respects these Selds of biological study 
ave been completely revolutionized, with renting gaint 
for paychological and phpiological science, as detailed elic- 
‘where in this volume. Bot there are other misconceptions 
ff even wider significance, both theoretical and practical. 
‘Amoug these sccotific errors which bear alike an sodlogi- 
‘al theory snd om bruroan affin, there are two nat eect 
detailed consideration, namely, the doctrine of special cre 
ation and the belief in the inheritance of acquired char- 
actersticn Both of these ancient ideas were widely beld by 
people im general and were quite naturally accepted for 
ime by rodlogies, uncrticaly, even unthinkingly, as elf 
evident farts. A time came, however, when both were quer 
tioned by cettain bold and lonely spiriss; then others more 
cr lest belatedly began to look over the data. Enough eis. 
ken, mizundentood, or actually frandulent evidence was 
available in support of thee erroneous belt to elit con- 
siderable xcientsfic soppore for them for 2 time. The special: 
creation error, moreover, hed the sanction of Céristisn 
doctrine, to say nothing of well-igh wnivenal primitive 
‘belief, Thus the struggle to replace it by the theory of ever 
Jotion produced the mout bitter and dramatic controverry 
of recent times. Belief in the inhericance of acquired char- 
sxtevttica, in contrat, bad no such theological implications; 
‘and #o ita fall was attended with leas public uproar, although 
lis significance for kaman welfare can hardly be overesti- 
‘mated, Since these two doctrines are closely interrelated i, 
certain respects, they will be considered together in the 
following discusicn. 
sncuAL. EALATION Om VOLITION 

‘Aristotle and some other ancients, as well as Saint Angus 
tine, bad a vague conception that, as the Stagirite says, "Na- 
tare can only rise by degrees fom lower to higher types”: 
but this wat metaphysically mare or lest confused with 
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Asistose’s idea of the wale of Narure—the erroneous belief 
tae chere is In comremparary Nature a continuously graded 
advance along « single line from the inanimate, through 
plants, xd trough the simpler and more complex anienals, 
to the higher mammals ead man. And, in the case of the 
Saiot, the conception that all dkings “grew up in woch ma0- 
nner as they are pow known to us, in duc time, and after 
Joog delays" wis similarly involved with his theological 
xegrs of the Biblical sory of creation, But in the abecoce 
of sientidc Inowledge adequate for supporting a com 
ing theory of evolution, the Christian wotld-—incuding biol- 
pyivs—fuited to appreciate the might of these two men 
and fell back into a simple and litera} acorptance of the 
‘words of Generis. That each epecies was crated as it it nom 
snd always has been since the beginning was the belict 
‘niverally held up to the middle of the eighteenth century. 

For another bundred years, until Charles Darwin pub- 
Inbed The Origin of Species in 1859, the error continued 
au an almost undisputed principle. ‘The poorly founded 
though ingenious and prophecic evolutianary hypotheses of 
Bulflon, Fraseaus Darwin, Jean Bapsise Lamarck, and Geof 
troy Sainr Hilaire (all writing shonly before o after the 
Year 18o0), seemed to be inconsequential aberrations from, 
the mraighe and arrow path, Apart from the basic error 
‘of belief in the foheritance of acquired characteristics, which 
Lamarck (1744-2819) was the fmt wo formulate elearly 
(hough it reached back to Aristoue's seliquenioned 
"maimed patents prodace maimed chuldren"), there was a 
{aral lack of fartunl evidence supporting the ideas of there 
pioneer evolutionists; and this, together with the absurdity 
of che examples (epracung the appre acon of the 
envioument) proeated by Lamarck and Saint-Hilaire 
(177084). rade them an easy prey to such powerful op- 
ponents ab Cuvier and his followers, who upheld the ortho- 
ax doctrine of special crextion. How alone the evolutionit 
(of 80g really wat is indicated by Lamarck's own words, 
Tu wating his cue he referred 10 the specialcreation theory 
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fas “the conclusion adopted up to chia day.” and to the 
Sea of gradual evolution with environmental modifications 
aa “ny personal concbusion.” 

Cuvier (1769-1830), 2 truly great mBlogin expecially ac. 
plided io comparstive anatomy, war the most influential 
and polltialy powerful figure of comtemporary biology. 
His influence, together with the deficiencies of the pro- 
ponents, prevented the spread and accepeance of evolution 
ary ideas at the time. He opposed Lamarck until the latter 
owt his eyesight and retired trom the field, and then he 
kept up the fight with Lamarck: one md oaly disci 





which regards these types simply as diverse end-products 
ff divergeat tines of descent; bot Cuvier’s basic belief in 
the fixity of animal species and his theory of macceasive 
rologic catastrophes to account for fouls were 

(aught that che Biblical flood and ober euch legendary 
‘events veiped out all fle aver wide urea and 

the fomils; while disierent mpecies, which had been in ex- 
jimence all the time in outot-the-way places spared by che 
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fore 1899-2 believer in a limiced scheme of evolutionary 





Jad no donb of the roetinvows operation of supernatural 
forces on Nature, aod ranged himself among the opponents 


, snoryinsin, 
sroid rouble, acrording to Ward; but be 
firm believer in the fixity of spocien and 
later became the chiet enemy of che evolutionary idee in 
ited States. So nearly univerml was the acceptance 
Gration among zoBlogists at this time that Weis- 
‘mann says, “In my own siudent days in the fifties I never 
heard a theory of descent referred to.” 
Darwin's work effecced an extraordinarily prompt and 





reliance upon the slight variations that are ever aocurring 
Fieatw Ward, Chea Dereta (ndamepety 296) 
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imong individuals; but he copld not distioggish those which 
were really hereditary and those which revuted from en- 
viroamental infuences He was forced to admit cautiously 
and without endvasians the principle of the inheritance 
of acquired characum, though be never scoxpted the ex- 
ceues of Lemarckima. Thus there developed, expecially 
saxmong Darwin's more extreme supporters, the erroneous 
notion that natural selection was an allauficient explana 
don of the evolutionary procest. Zoologists of the period 
lacked the knowledge of Mendelian inkeritance and of the 
proceu of mutation, which wat to clear up these mistaker 
after 1go0. It may be suid that Darwin's duet error in 

connection was his unavoidable failure to recognize the sig- 
nufcance of those aeriking and hereditary changes called 
“sports” by practical breeders, He thought they were too 
rare to be of importance ie evolution, and he coukt not 
Fealive the fact that they were essentially identical with 
the far more numerous small hereditary variations, not dis 
Aogoishable in bis ume from ponstheritable environmental 
modhficatioas. These errors began to lose ebeir bold when 
‘August Weumann (1894-1924) advanced bis conception of 
the conbnaing germ plana as dutsnct fram the somatoplatm 
and thus did away with a univers sisconcepaon of the 
relation between the bodies of ammals and their eggs atd 
sperma. He made it clear that the germcelis fora 1 con- 
‘auour tive, not only beoween geaeracions but als throug 
the body of the individual fo cach generation, and tras 
supplied not only & firm bass for the development of a 
science of heredity~now called genetica—but also a neces 
sary clement, hidden from Darwin, ia evolutionary theory, 





BMERITANGE OF ACQUOUD CHAKACTINS 

But one of the implications of Weiamann's wotk—fol- 
Jowing apon this discrimination of temporary body and 
vontinuing germina? material—was not universilly agreed 
to by mflogias. There thus persisted well into che twen 
tieth cenwury 2 zodlogical error of the greatest importance, 
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significant not oaly for biologics! theory but allo for pric: 
‘eal human affairs. This was the Lamarckian—end common 
betief in the inheritance of sequired chararteriaics, the 
sappenition that bodily or somatic changes cxpenievocd by 
the individual as a rent of either environmental influences 
(his own activitien would samebow be paned on to his off 
spring and teappear in some weanure in the absence of 
‘onilar infinearrs aod actviticr Lamarck based hie dheory 
‘of evolution om this belick He woggested, for cxample, that 
the long neck of che rrafe-to our insight obvouly heredi- 
tary—was produced in the course of time by the alight 
aereiching effort made by exch generation in attempts ta 
reach the tender leaves ar the tops of bushes. Moat zablogisu, 
in fact, whule avoiding the more extreme views of Lasnarck 
and some of bis followers, took it for granted that bodily 
changes induced by exercise and by the environment, if cox 
tinued over lang series of generations, would become heredi- 
‘oxy apd thus contnbute to evolutionary advance. Under the 
influeoce of Weimann’s wotk, however, almou all zoologist 
abandoned this belief, realising that Uhere was 00 concei- 
able way by which changes in dhe soma or body could affect 
‘the germ-plasm (eags and sperms) v0 specifically a8 to cave 
‘the reappearance of the tame bodily craita in the next genera- 
don. I¢ war recognized that highly deleterious agents might 
‘weaken or destroy the germells, but dat isa very different 
‘matter. Nevertheles, many scientists and leaders of thought 
jn other felds still held to the explodes belief, educationins, 
philanthropists, and politicians assumed iu truth, and fo 
many cued till da, telying upoo it as the basis of social 
Frogres. 

Many mblogins Ive carried out extensive experimentar 
tion in recent years in the effort to obtain defisite objecive 
‘evidence upon this question, with the result thet in all ve 
fone or two doubtful cases the error of the Larsarckian prin- 
ciple hat been clearly revealed. Rats living in conscuntly 
rotated cages acquire an inability to walk straight, and in. 
certain experiments carried out by Detlefsen ther youtg, 
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showed the mme new characteristic although not themelves 
rotated. This tema created widespread interest among biolo- 
aim, since it appeared ta be in accordance with the La- 
smarckian dheoty aad contrary to aecepted modern ideas. But 
it was voon discovered that some of che van were suficring 
from an infersious disease af the ianer ear and that the 
staggering of their young was caused by this disease, com 
mopicited in the ordinary way, and pot by any inherited 
‘eat that het been acquired by the parental animals. 
‘This cave neatly illuerates the readincat with which ex- 
perimeotal rerula. may be falsely interpreted. There lt 
‘another inseance which bap recived far wider ewreocy, chat 
‘of Ivan Petrovich Pavlov and the mice chat he enniped to 
‘come for food at the ringing of « bell. According to the re- 
port of the great Russian physiologist, miccouive generations 
‘of these saice required fewer and fewer repeitions of the 
conditioning aimulus. It appeared that tbe ability co re 
epood in this manneren admittedly acquired churacter— 
‘was becooning fixed in the race by the inheritance of the ac- 
uireaent. This erroneous view is quoted in many books as 
proot of the Lamarckinn principle. The truth ix, though 
few seem to know it, that Favlov himself, at ube agth Inter- 
national Phpiclogical Coogrew (Boston, 193g), withdrew 
‘his former interpretation and sated that the experimenters 
were improving in their teaching methods, the inherited 
traits of the mice meanwhile remaining quite unchanged. 
‘The chief zoologist of standing who upheld the La- 
rmarchian doctrine of the inberitance of acquited characters 
in recent years was Dr. Paul Kammerer, of the Institute for 
Experimental Biology. Univenity of Vienna. He published 
12 book on the mbjec in 1geq. In this work he brought 
together 2 great amount of data bearing on both sldes of 
‘the question, including reports of bis own very extenive 
experimentation, and endeavored to show that the evideaee 
favored bia very decidedly proLamarckian opinian. This 
‘book lures cleariy the angen and dilffealcies of dhe 
(problem. A mopericial reading conveys a strong imprenion 
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‘that the author is im the right, but a closer study shows dhat 
pone of Kammerer's own research and nooe of the wxny 
Jnseanges he cites rom the sock of oxhers will beac careful 
analysis 1 is found throughout that the data are quite fo- 
Adequate for the standard watistical creatment which all 
‘modern geneticiss always apply to their experimental ma- 
terials in every igeancr the facts he records may be 3c 
‘counted for by preferable and alterpative interpretations, in 
accordance wih the evidence supplied by satirtically cig. 
tificant researches. 

Ove or two zotlogins were impressed by Kammerers fr- 
(ures in England, even though he failed to present satis 
factory examples of his experimentaS products and even 
though others were unable to repeat and verify his work, 
Hee wat invited to occupy an important position in Rusia, 
At this juncture an American soblogist, Dr. G Ringley 
Noble of the American Museum of Natural History, ¢x- 
amined somme of Kammerer’ preserved material in Vieuna 
and found dat the supposed icherited character bad becn 
artificially and fraudulently fabricated, either by the inves 
tiqator or by ove of hus anisxan. This exposure ruined 
‘Kammerer’ prospects and cast doubt on his work in general, 
serengrbeoing the efect of previous weopSc critics. Kam 
‘merer died shortly after by his own band, und hus death 
say well atk the end of the zoological error on which he 
‘waned bia fife work, 


‘This nurvey of soblogical exror shows how the human Tia- 
bility to err is manifered among those who devote thers- 
elves to the xicnciic study of animale It suggests the 
conclusion that true koowledge bas alwapt been reached 
rough observation and verification, which afford the only 
safe pathway through the infinite posibilities of error, while 
mupentition amd preconceived belicls scree only to beret 
that pathway with obstacles. Exror can never be wholly elisi- 
rated from our view of living Nature; bat there is sound 
atisfction in the thought that imagmetee and screntifc 
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error tead to disippear as knowledge increases, while the 
‘exror that will ways remain a part of the scientific method— 
‘that error which we have called tentative—hasx lst iu power 
to mislead, bas become, in fact, an inevitable and wneful 
step in the search for truth. 


Cuarrex VII 
ERROR IN PHYSIOLOGY 
By Homer W. Smith 


‘Tum EMiroENce of ptyuoiogy from primitive mpertition 
thas been coomplsted, at mach at or mare then wry other reb- 
Jest by the belief that ceriasn phenomena are explicable only 
J torme of mupernataral forces. The Towion atoms, and 
Loucippus and Democritus, laid down 0 flan of inquiry elong 
sateralinie fine, but the rrtaphyncal reaction of Soret nd 
move frriculary of Plato, defeated tr evelopment. When 
Plates tel, woytial phleephy, dednced a price from 
thuman nerds end predilections with mo considertion for foc, 
‘wat incorporated with Habrale sacred Daaltons Jo form the 
Cctenil substance of Chrstion theology end fot, ingury inte 
the operation of the body war ated Jor nearly two honsnd 
year. Spur, rout, and more recently an imponderable entity 
falled mind, ll dscoverstle by faith alone, have throughowt 
‘hat period obscured reat problems, deterred men from under 
‘uhing exploration, oF set them upon the wrong Wack. 10 has 
‘been seid by Andrew D. White, oho has conndeved the matter 
mest carefully, that “exactly as the world approsched the ager 
of fa it receded from axceruuned ruth, end in proportion 
tthe world receded from the ages of fath it har spproached 
‘seerinined truths” There eight Be some philevophics! quibble 
shout what, i the last anaytis,contteetes “acetoined truth”; 
that for our Prrpoues it it enough fo ceempliy truth by the 
‘tances that the Blood civeiater tn the Body, thet the body 
urn facbrage to derive energy for growth, hat, end euseular 
action end thot copulation Lats By jorlncacn te We teproduc- 
thon of Auman Beings. Iti rarely mecenary te enlarge om the 
eetone whe futh, Christian or atheroue, bot inewrialy proved 
to bean efecto arvze to intellects aduencemeat, bt there & 
one ase! of the problem that errentzconnderation here. 
* 
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The human organiom isso conrtituted as to achiene what me 
may call atmatt perfect egocentric. All immediate experince 
‘lating to the external wer, ll rabjoctive visceral tension 
and emotion, as wel as vague end imperfect memaries of both, 
fare brought to # more or le) sharp focus to produce a into 
{rated contcour pertonality. So perfectly i tht futon fected 
from moment to moment thet, in ihe normal man, experiences 
widely seporaed v0 tine appear to “happen 0" an immutable 
40; and on the other hand tha ego én tar Beholds the nie 
femvens, from the tip of the nose Yo the remotent stellar mebala, 
‘ar converging upon wrell. {is a natural consequence of ths 
{et that men fel into the nal error of Beheving themaclves 
‘tthe canter of the wiveme. The wo meat oniionding ev0- 
Tutont in human story were concereed with the demotion 
of fale ystems of thought engradered by this egocenriciy: the 
Copernican revolution reveled that the wniverse wes Rol feo 
centnc, and the Dereinien revolution revealed (the revolution 
te far from being over?) that even thas litle earth wet not 
homocentrc. 

‘There ab not the slightett doubt that man is the matt wom 
erful of all natural production. But because he isto egoita, 
1 W only tlthin the past Aundred years, atictly speaking, that 
‘he hat been free to see hemssf at anything short of super 
nataral. He has repeatedly let spent, soul, mind, oF other 
Inetaphyneal fgments obicure his wnon of hemualf. It not 
surprising, erefore, that hr climd out of lciologwal niper. 
Alton har sarcely began. Ifthe views of Lewcippur end Demoe 
nntur had mot ben bated by Plato and Augustine, hat 
t= sanderlanding he might have of hinslf by thi ime! What 
‘© commend he now might hee over hu health, 
1s thonghts and coen over hr alleged “spirituality”? Bat two 
thorwand your and mare of metephpncal speculation connat be 
andone. 


Boer) man mur, et some time or other, and however vaguely, 
awh hontelf quertume lske hese: How docs my body operated 
What i the “life” that ic in me? What sgrifcance is to be 
attached to my sxisence, to m7 sensations ed fear, Jove, end 
opel No man would ventere to speek for enather én anmoering 
these queations, exd in the following pager I have mzvely ax. 
freved a feronat view. if it be contended egeinat ms thet 
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Proof that the materi body opereies by saturalstc means 
Cam never constitute dusproof of en immaterial soul, spirit, or 
mind, I hooey mo better anmmer then that gruen by Thomas 
Huzley to 0 similar argument fifty goers ogo: "Hit wholly 
imposible 10 prove that any phenomenon whetioever It not 
Produced by the interpontion of some wuknown couse, But 
‘Hllmophy hes prope eiacy« & hs Sequel sch pon 
‘and har endemvored to reroloe evety event by ordinary 
* Ana I would wrge the contender, before he assumes 
‘Me rapiy for ony mapa al wher fo ene 
the Aisiory of Auman thought, society, and welfare from the 
Seginning of Nistor times wp to the present dey. Or he might 
concentrate on the fifteenth ond sixteenth centuries Aa. when 
Jeith in the supernatural end buming of women for wifcheraft 
‘timultanccutly reached their peak. 











xceINONGs OF PaYBOLOGICAL DYVEMGATION 


(AS SOON 2 the sage hat sted hit primal needs of 
food, warmth, and safety and can relax in an idle mo- 
‘ment of contemplation, itis revealed to him that be is dif 
ferent from the rest of the world. The warmth of bis body, 
‘the directed motions he cau make, the strange sounds he can 
emit, are a source of pride; he is forthwith induced 10 make 
‘mote careful comparisons Detweed hhimselé and inanimate 
Nature, to relate himself 10 the phenomena of day and 
night, the seasons, the weather, and to interpret happenings 
external to himself in terms of his intemal sensations, By 





sos are apt to fall foto two categories, one cencering about 
life and the other centering about death. Since speculations 
ccanceraing death can be neither proved nar disproved, it it 
ot mscprsing that in the gradual progression of human 
thoughe they got off to an earlier wart aod long belé the 
advantage over speculations about life. 

Ove of the carlest quentions the intllecueal Dawn Man 
aed bimelf, no donb, wat how be bappened to come into 
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the world. jast as be carly discovered the caustl relation 
‘between the ingesian of food and the keeping of the breath 
of life in his body, so be ment have discovered the relation 
between sexual incercourse aod reproduction. The discovery 
was perhaps long in coming because the connection is by 
‘po means selfevident. There are erage peoples in the world 
today who scarcely recognise that reproduction Teas its be- 
Boning: in outing. Io wany primitive societies promiscuity 
begins with adoterence and doer not end with marriage, 
even where this is monogamous. Moreover, intercourse and 
(emtation are 20 widely separated in time that the chances 
of amociating them are very mall indeed. Even where some 
fortuitous circumstance may suggest that the one is the 
‘cause of the other, the odds are against crediting auch a gro- 
teuque notion. It is easier for primitive man to ascribe preg: 
nancy to the influence of samecbing mystical ar miraculous 
‘\ meteor that @auhed through the aight, same extmordinary 
‘spect of the ma, wiod, or ric, peruliar food one ate, 
strange anicmals, oF even nunsal dreams; for to him ont 
‘cause in Nature in just as reasonable as any ouher, 

‘Whoever fit pumled the matter out we do not know, 
bat a rough idea of the reproductive process was possewed 
by the older civilizations and was tranwcitted by the Beye 
tian to the Greeks The Greeks were oot only inguirers 
of the frat order, but also aratomits, tat is, men who looked. 
to the structure of the body t0 expiain its functions Their 
theories were neceatrly approximate and vague, but none 
the less dizinetly in advance of what had gone before. Em- 
ppetocles caught that there were four clements, earth, ait, 
fire, and water; the human body, as all ele, war made up 
of these primordial substances which could neither be cre- 
ated nor destroyed. All phenomena were but transform 
tions, x Bowing of one form or combination into another. 
Horan geoeation was an elaboration of the body out of 
the diwitailar element: death was a decay, a return of fire 
(fre, air to air, earth to earth, and water to water. This 
view of generation was not an entirely abstac, philosophic 
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‘o0e, however, for Empedocles tanght that the embryo is 
formed from the union of the male and female semeo, and 
the child resembles the parent who baa contributed the more 
suaterial for its formation. Though misleading in the latter 
‘respect bia description wat auch aco place the reproducttve 
[process on a rational plane, to codrdinate it in a valuable 
‘manner with the relations of man and woman, and thus to 
exctt a profound influence upon the mrucuure of sociery. 
‘One would think that with 2 mare in theory such as this, 
men would quickly make significant discoveries from their 
ordinary experience, but not 40; 2 certain type of attitute 
of mind a necemary. Hippocrates (carly four century 2.2), 
fonoder of ratianal medicine, and particularly of the ort of 
ingnoais, followed Empedocies comely in tice and thought. 
He was « man of great genian for making careful observ 
tioot and for disinguishiog generaiues from paruculars 
and accidentals from ewentials; but he cootributed litle oF 
nothing ta the problem of generation. primarily because, 
with claaic Greck inatinct, he directed his inquiry rather 
‘more toward the extcruals of the body than toward ir tes 
reposessing ioterna! orgaau. It was not until two gener 
tions later that Aristotle broke this esthetic handicap by em 
gaging in extensive studies in comparative anatomy and 
embryology. His curiosity led hies to dimect all manner of 
animala and to make (40 it is reported) what was pethaps 
the fi scientific experiment. The experiment wat 2 simple 
ne, and particularly noteworthy for having been perfumed 
fon a huaan beiog, A current theory hd it that the x of 
the child was determined by which testis eupplied the repro 
uctive fiuid. Ariseotle bound the right testis of a man and. 
observed that the subject subsequently generated children 
‘of both sexes, That the negolt of the experiment was in x 
sense negative doce not devract from either ita scientific or 
socal significance. Apart from this, if indeed the wary is 
{act Aristode did vot improve upan the concepts of; 
‘He taughe chat the embryo was formed from the union of 
male semen with female roentraal Blood, the former coa- 
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‘@ibating form, animation, and soul, and the latter, matter, 
vabscance, aad body. He beld thar life might originate from 
foam, as Aphrodite sprang from the fours of the sea; in Unis 
spontaneous generatioa soul was taken from the ait and 
hheat from the son. The heart was the principal onan of 
the body, being the seat of the soul, the source of the blood 
and fis iomate heat. He postulated that an intermediary 
‘agency, the encelechy, united the soat with tbe body snd 
enabled le to form and control the latter, and by 40 daing 
te realize or acualizeiteit ‘Thus, while advancing the prob- 
Jem of reproduction by his experiment. Arimotle made a 
Deckward step by speculating about bis enteechy. It 16 pot 
unlikely that, by the weight of his antbotity, his derivation 
cf the woul from the male scmen did much to fortify the 
socal differentiation of the sexes io subsequent centuries, 
Arinotle, no doubt the greatert intellect of pre-Christian 
times, war destined to fave les infuence upou human 
shought than Galen (second ceomry a}, who was in many 
respects a leer man. A soccenfsl physician of the Roman 
Court, veruatile iaginative, and endowed with tremendous 
energy. Galen was the moet proliGe writer among the an- 
sient He chought, investigated, talked, and wrote about 
ceverythiag peraining to che body. In large roeature he per 
ected the experimental method used by Aristotle, whereby 
A question is pat to Nature under soch conditioa that Ne- 
tore can answer it. He was a true experinteater, but he wat 
at the ame time dogmatic and givea to unjustified theorix 
ing: be had an enswer for any question, explaining every 
thing with astooluhing facility in the light of bis elaborate 
theorles. He was convinced that man was the center of the 
‘univerne and that hie weltace wat iso mow important concern, 
wwod he believed that all Nature bewpoke abd was planned 
in accordance with the exsentia] poodnes of it» Creator. Not 
‘aly did he start investigation upon the wrong track i 
several specific matien—by his description of the function 
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of the beast and the circulation of che blood, by his doctrine 

‘Diet wounds must suppurate to heal, ane by his theory of 
vital spiim—but, more signifcandy, be gave men to believe 
that whea he spoke, the Fical Authority had spoken and the 
fast word bad been mid. 

Galen's works were 0 complete that (\ike many Gargan- 
aan monograpb of today) the inquirer found it easier to 
‘consult thera than to seek an answer directly of Nature. The 
abeer weight of the mamive comes no doubt fortified the 
innate fecling of every inquirer that what is written is per- 
‘amunent; it cannot be wrong, His cock-auteness gave his theo- 
rien the tone of an oracle, and 1oen have ever sought oraciea, 
{in science as i allele. But, above all it happened tat afer 
Galen's time intelectual Dbecarme largely a province 
of the Church; Galen's piety, his bomocentric philosophy, 
hhis doctrine of the emential goodnea and the design of 
(Nature, all recommenced bis works to ecclsiastic sanction. 
‘The Church was please to piace ita imprimatur upon his 
‘books, From that tine on, things being as they were, no man 
dazed doobs, For fourteen centories, an unthinksbly long. 
sevetch of barten years, the writien word took the place of 
experience in mou feldt of endeavor; argument about the 
uman spirit mupplanted observation of the human bod 
and men turned from the ody of life as it is to the sadly 
cof what the masters had taught, ‘The fiult was not all 
Galen's, of course, for much of the stagnation of medieval 
‘thought must be ascribe to the concatenation of other forces 
throughout that dreary wane of time; but his nome will 
always be auociated with the duel errots of authority md 
egoistic philosophy. both of which direct mea from inquiry 
tm belief. The fact remains that after him mea slipped into 
the moet dangerous and the most widespread error evct 
made, ‘They lost self-confidence. they lost the agpotit’s 
faith that they mom wake the univense apen if they would 
earn what makes it tick. 

For the retascente from the Dask Ages of biology, the 
‘world in indebeed to one Andreas Veslius (1514-1504). born. 
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fn Brumels schooled at Louvain, trained in medicine at 
Paris, and in 2549 ocapylag a chair of mungery and snatcmy 
in the University of Padaa. In that year Veualias published 
a book entitled The Structure of the Huraen Body, » bock 
noteworthy not because of any revolutionary discoveries de 
scribed therein, bur because ir dared to question the an- 
chority of Galen, If only in x modest way. There appeared 
in its pages the apieic af inquiry, for the Gra time, a0 far 
0 the Christian world wau concerned, in foarteent hundeed 
ean, It is mecessery to embed oneself tn medieval dogem 
and tradition, to imagine ancacl living in & world of venet- 
able cavtom wnt belief and threatened consantly by the 
feartal authority of the Church—in short, Iris mecewmry 10 
litinate from one’s point of view everything that ia sigail- 
‘ant in modern thought—to appreciate the intellectual efsrt, 
the courge, required to my, “I doubt...” Vemliut had 
suany influential and copable students, and vornehow be ico 
[preted upon them the value of appeal to observation. It is 
significant that be never made a second Galen of hiraelf; hit 
Pupils, although they thought bim greater than Galea. or 
‘Hippocrates, held him, together with these mushoriies, abe 
ject always to confirmation. 

Jitso happened that when, io the seventeenth century, men 
‘erurned to the path of inquiry, their interest was centered 
around the circulation and respiration rather than around 
the problem of generation. A long road was to be traverted 
towards a faller knowledge of the breath of life belore the 
subject of life's origin was to be substantially advanced. It 
will be advantageous to follow, for the moment, this his- 
trical sequence. 

{Hix ORCULATION oF te sL0GD 

‘The connection between food and le had been befod- 
led at the outset by the sheer eficiency of the body. Dry 
{odder, when it burned on the hearth, was comnumed io red 
apd yellow faster mad surmounted by « visible plume of 
vedoke; but that mame fodder, burning in the body. emitted 
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‘oly 2 comfortable warmth regulated to 2 surprising oon- 
ancy; there was visible neither fame nor smoke 10 atte 
the fundamental identity of the ewo rea. By what possible 
siretch of the imagination could blood, the warmth of the 
body, the motions of an animal, be Tinked with elemental 
things like earth, fie, air, and watcr? Animal heat and 
animal mation were looked upon from the fret as incon 
‘pechensible and unique maanilenations of life, without coo 
eon oF pelle with he phenome obered anong 
non-living things. ‘The terms “organic” and “inorganic” 
Tao 10 Uaignice two footamcnely diferear iogioms 
‘which in tome mysterious way were cranaienily intermingled 
in this world. ‘The very words heer, blood, breath, und body 
acquired a myrcical significance, 

‘The earliet Greek philosophers had had 2 choroughly 
‘maonistic view of thiogs: but this was ruptured by dhe idealist 
Puto, and all but denroyed by Aristotle when be invented. 
1his entelechy to divide the world into two fundamentally 
independent parts; and between Galen and the Church this 
dichotomy of Nature was mddled upon men's thoughts 10 
fiumly that it sill holds the reins today. 

Galen bad taught Wat food, alter absorption roc the 
alimentary canal, is converted into blood by the fiver, and 
‘at the samve time endued with certain very special motrtive 
properties which were summed wp in the phrase “natural 
spirit” This blood atil remains in a degree crude, how- 
fever, and unfitted for the higher purposes of the body: 10 
from the liver it is cartied to the right ventricle of the heart, 
‘whence some of it paues throngh fenumerable but invisible 
pores of the cardise septa into the left ventricle. Here, 
mixing with air that bas been drawn into the dilated heart 
from the lungs, the blood becomes warmed by host innately 
furniahed by the beart—heat placed dhcre by God in the 
‘beginning of life and remaining untit death—and at the ume 
‘time Jaden with “vital apiriu™ and so Bted for its bigher 
duties Io this wixiog process the alr served to temper the 
Theat of the heart and to preveot it trom becoming exoonive, 
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‘When the heart comtracs, the erade blood oa the right side, 
exdued merely with “natn piri” sarge out through 
‘the veins to nurture the body: while from the let side there 
‘surges blood endued with “vital spirits” to enable the sev 
‘ral dasaes to exercise thelr vied fanctions. Some of this 
1efeheart blood, am reaching the brain, there generates 
smal spirit,” which cxcape from the uid and are carried 
aloog the nerve to bring aboot sense and movement io the 
body. 

‘Aa Galea taught, #0 men wiD believed in Veudiut! time, 
‘nd wo even Vetus wrote, with bis tangue ia his cheek 
‘not became he thought chat it was “io all cates consonant 
‘with the truth, but because in such a great work he hesitated 
to lay down hia opinions, and fd oot dare to awerve a nails 
‘breadth frown the doctrines of dhe Prince of Medicine.” The 
‘implication wes coough, howerer; for above all ese Venlin 
taught chat inquiry was the one and proper couree, His stn- 
dent Fallopiue transpitted this precept v0 Fabricius, who it 
tum pamed ic on to 2 young Englishman who had recently 
taken a degree io arts at Goaville and Gaius College, Cam 
Ibridye. When be received bis doctorate of medicine at 
Padus, this young Englishman, William Harvey (1572-1657). 
retummed to Cambridge. For a period of twenty years he prac- 
ted ax a physician and lectured ou anatomy at St. Sartholo- 
smew's Hospital. The sry is told that as a physician to King 
‘Charles 1, while his sovereign's army fought at Edgetill, be 
sat under a hedge reading a hook on the generation of meo— 
aa subject more interesting to him than their destruction. Be 
hut as it may, Harvey is called the founder of modern phys 
ology because he appealed, as Vesalius had done, not 0 
authovicy, peperal principles, and analogies, but ta obserea- 
toon and reason. 

‘When Harvey fit bepn to pander the subject of the 
‘irculation, the motions and uses of the heart remed so full 
cof dificulties that they appeared, he sid, only “to be com- 
pprehended by God.” Bot years of thought and careful ob- 
‘sernation opened bis vision to a almpler explanation. ‘The 
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blood does not ehb and flow in both the veins and the 
arteries with the dilatation and contraction of the heart, but 
cfreulates in a continuous cycle from ons to the otber. Be- 
Binning with che lel side of the heart it is expelled imo 
the aorta and distibuted by the arteries to all parts of the 
body, whence it returas by the veins to the right side of the 
hheart; from here, chrough the lener cixculatian of the lungs, 
it is driven back into the left side of the heare and thence 
{nyo the aorta again. 

‘Recall that according to the Galente dottrine the food, 
alter absorption from the alimentary tract, was endued by 
the liver with “catutal spirits,” aod by the heart with “vital 
‘piri; because these “spiries” coold not be seea or felt, oF 
ocurately defined, they were al the tore important in the 
‘thought of the Middle Ages. However abstract and vague 
they might be, they were not mere words to be bandied 
_tbout with scepticism, bat iategral and necesary parts of the 
living body. In cootrasc to all this, Harvey's description of 
the circulation was eaentially a physical and mechastcal o0e. 
Hie cast side as of no importance to the ienediate problem 
the question of whether the heart, besides propelling the 
ood, added something t0 it—heat, spirit, perfection, oF 
‘whatnot; this question, be mid, must be inquired into later 
and be decided upon other grounds, and never again did be 
‘efer to it. Bat bis demonstration sat 2 blow 29 “natural” 
apd “vital spitit,” for these were based upoo the sapposed 
double supply of iood to alt parts of the body and were 
irreconcilable with « circulatory symem where the blood 
counes repeatedly from arteries to veins and buck ta ar 
tries asin. Zen though the blood sight undergo changes 
in composition at diferent sages of its journey, there waa 
so room left for the hierarchy of spirits born of the old and 
exroncout phytiology. 

‘When one error is found in 2 chess it tends vo contamt- 
nate the whole; with Harvey’ discovery the entire Gelenic 
doctrine was infected with decay. The mon notable conse: 
‘queboe of this new physiology was, Bomever, chat the virtue 
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Inad been extracted from the exalted written word, and time 
hhonoured and revered plies were oo longer 2 hindrance 
to inquiry a1 to what cook place in an organ when it en- 
tered into activity, or what were the relations between that 
‘organ and the reit of the body. At the ame time the di- 
chocomy of matter versus epirit receded a litte before the 
advance of science. 

Harvey's woek was not camplete: it was not clear to him 
hhow the blood pased from the arteries to the veint, for 
‘Ro channels were visible. But this diffculry was not an ira- 
tional one. After all, Galen bad taught that there wete 
invisible pores in the septuma of the heart through which the 
‘blood ight pas, and no one was conutrained to believe only 
what could be seen with the uaked eye, But the gap was not 
Jong im Sling; for a few yeas ater Harvey's death, Mar- 
cella Malpigh! (1628-1694). wich the aid of x wicrowcope, 
described the hitherto invisible blood-vewels of the capillary 
cireulation. Malpighi is perbape next to Harvey in signil- 
ance to ui here, because he left, or at least pot, so litle 
error into what be touched; and be touched many fields of 
biology. He did more in morphology, embryology. apd encr- 
parative anatomy then azy other maa since Galen. At the 
‘lose of hia life, and in no mall meamure at the result of his 
Jabors, the human body had come to be viewed as a collec: 
tion of organs, cach having an individual, though perhaps 
little undemtood, function and a characteristic structure. 
Poyiclogy, after Harvey and Malpighi, wan pointed defi 
hitely in the direction of the analysis of the structure, 
function, and interrelationshipe of the various organs of the 
body. 
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‘With this change in viewpoint the breath of life begun 
0 auccarab to invexigation. If Veraiza thought at all zbont 
the alcberay of his time, he probably eachewed that know! 
ceige as being 2 perverted, seselea effort to discover an elixir 
of life or to gain incalculable riches by turning dros into 
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ald, But he certainly must have heand of one of tt prac 
loners, only twenty-one years older than himcf, who was 
atireing the world with his idle and boasting chatter. Pars: 
‘elms (Aurcolas Theophrastus Borbastus von Hohenheim 
ta his parents) was the soo of x learned physician aod por 
somed 1 doctor's degree fram Ferrara; yet be had « taste fot 
Jow comipany, and mow oF his education was obtained from 
the asrologen, barbers, executiocrs, bath-beepers, gypales, 
and midwive whom be met in his aooeasing travels en 
sompaming the civilired world from Zurich so Samarcand. 
He practived a mixture of medicine and alchemy; although 
{encrous to the poor, syrupathetic to the sick, and eapable 
{na mearure aa phytician and surgeon, be was at the sme 
time so conceited, truculent, and forward that he made ene 
‘mies an every hand. 

Paracelsus knew that, 8 the old Arabian alchemists had. 
ducovered, matter was of three inde: (1) sulphur, which is 
combustible and which is destroyed during combustion; 
(2) mercury, which temporarily disappears or is volatilize 
by hex during boning and woay thereiore be condensed 
fat x liquid; id (3) malt, which is fed, or the uh 
which reraaina after burning. But to Paracelsus this ttl 
fpactice physical universe was also full of myasc things: there 
‘were microcosans (boxes) within axacrocosm (worlds), each 
enlivened with gnomes, sylvan, sprites, and salamanders; 
and the phenomena of life were to be attributed to 4 vital 
force called the archews presiding over a hicrarchy af tinor 
crches. All physiological procemes were vichemical but gor 
eroed by the erche‘—in heal, righty, in discave, wrongly, 
Death was the lou ofthe greater archeus, For every ill of the 
Dody there was a potent plant or animal concoction thet, 
Iby opposition between entagooistic myatial forcer, could 
cfiect a cure. Tis alchemical principle war so potent that 
Paracelsus named diseases by the droge that cured them. 
“His alchemical chatver was foreanate, for it made the phyal 
‘lane of bis day aware of the actions of plants and chemncals 
upon the body: but this gain wa offset by the fact that it 
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reinfected the newly awakened scientific thooght with the 
‘virus of medieval spciss and mysticlam. 

Paming over » hundred years of vague, newly growing vi: 
cennes, we note that by Harvey's cone Kepler had desctibed 
the orbit of the heavenly planew, aad Galileo bed invented 
the telescope and was Bringing the phenomena o€ motive 
‘down to earth by way of his inclined plaoe.” Anrology had 
siothered the science of physics alchemy, oo Jes, had gives 
‘birth to chemirtry; and there were cen who wanted to put 
these new tools to work on the problems of the burman body. 
‘One of these, Jan Baptista van Helmont (1477-1644), found 
the lectures of his university teachers dry and unstisfying 
‘because he had a touch of the same temper that had affeered 
Paracelsat. $0 be deserted his chosen feld of botany, took 
‘8 cote in medicine, traveled widely, married en heiress, 
‘and settled down ta chemical observations and experiments 
‘with a light and charitable medical practice oo the ele. He 
‘was in cruth a modernized Paracelnun; be Dad the Latter's 
‘tic impoler aod propounded equally tomatic schewwes 
wherein invisible supernatural) forces roled the world. Por 
the greater and lower archer be substicated bias, by which 
Ihe meant 1 hierarchy of forces governing the heavens and 
‘the body; minor bles presided over couscola: moverents, the 
nerves, chemical procemet, und other manifestations of living 








‘Though in the mater af his blas Van Helmoot did not 
advance heyood the Pareeizus he adored, he made a real 
step forward in another direction. Yo describe an invisible 
sand seemingly imponderable gabeiance io the air be coined 
the word gas; and in bia notion of chia medium and ity rela 
ton to life be was aot only dhe Ere of the modera chemi, 
‘but the first of the chemical physiclogisa. He chose dhe word 
gee because it sounded to him Tike “chace” ana because his 
imponderable substance had much in common with the lat- 
‘ter. Actually, what Van Helmont meant by ge is now recog: 
nined to be a specific compound, namely, cxrbooicacld gs 
fr carbon dioxide; for he dif not suspect that there were 
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several different kinds of gus, He difered trom Pamocinun 
{in regard to the composition of matter: for he ald that there 
‘were but two element, air and water, and be performed 
‘mumy experimentt to thow that neither of these cam ever 
be chinged into the other. He thought that his ges was a 
form of water. Some of bis experimsentx were so direct and 
simple as to be quite convincing. For example, he planed 2 
young willow which weighed 18 pounds in too pounds of 
‘dry earth and watered it for a period of five years. The vewe) 
containing the earth was carefully covered 30 that po dust 
‘ould accumulate in it. Ax one might expec, at the end of 
five years the earth sil weighed 200 pounds, but the willow 
hhad gained in weight 164 pounds, Obriously, aid Van Hel- 
mont, 164 pounds af wood, bark, and roots had been elabo- 
‘ated out af water. Hs conclasion was, of course, erroneous; 
tbac one thinks he would hnve been delighted to learn that 
the willow bad wot been elaborated exclusively from water, 
‘but im part from his gus, carbon dioxide. He did, however, 
‘demonstrate the liberation of carbon. dioxide when wood 
and gunpowder were bumed, and also doriog the fermen 
tation of grapes and malt. He was so imprened by the Inter 
process that be was led to search for it at the heart of 
everything, Paracelnas, no doubt, had bad frequent recourse 
+0 nawurally fermented apirie while he was cogitating upon. 
the supernatural kind, bot Van Heimoot uses the bubbling, 
frothy proces of fermentation as an actual sicpping tone 10 
Ihigher things. He pot “ferments” to work st every oppor 
tunity, from digetion and muscular contraction to repro: 
duction and growth—always, of couse, under the direcdon, 
of his Blas. 


‘emphasising the application of chemisery ta this subject, by 
‘drawing attention to the process of fermentation, and by the 
discovery of a specific Goren of matter, gat. But he val, on 

the whole, more incrigued by bis blas than by anything else. 
‘After all, ewo thousand years of philesopbical and chealogi- 
‘al speculations about death had chown him iu wapreme im- 
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portancr. He speculated such on the telations of the Dias 
‘to what be called the “sensitive and motive soul.” This vens- 
‘ve soul belonged to man alone, being absent io plants and 
‘eats; it waa the master that reigned over the process of 
the body; it was the prime agent of all acs—the blas being its 
servant, as were also the minor blas or erchei, while the fer- 
ments were but the instraments of these. Te motive soul 
‘was the source af viallty apd the means by which the heart 
waallzed the blood, and it cxried out he sematians and 
movements of che body by means of the nerves The actual 
location of the motive wool wat in the pylorus, the ponetior 
cocitice of the omach. This was evident from the fact that 
feat emotion is always fele at the pit of the stomach, ad 
that a oun may have bis head blown off by a canmon-ball and 
Yet his heart wilt go oa Beating for some time, whrrest a 
severe blow at the pit of the womach can stop both his heart 
sod cotscioutiess at once: The soul's exact relations to the 
stoumch were peculizr, not 2+ romething encased in a rack 
‘or concealed within a skin, but as the light was present in 
 candlelame. The soul was mortal, bur in the living state 
it was cocsinent with man’s immortal mind: it war the 
‘medium through which the immortal mind dizected the 
‘nsjor bias, minor bla, ferment, etc. to vital ends. Before 
the Fall mam powesed oaly an immortal mind which acted 
Gireetly on the blas, and, this being the case, he was im- 
arta}, too; but at the Fall, God introduced into man dhe 
senslcive soul, and uotil death the immortal mind retired 
la the wensiive soul and became, as it were, its kernel, 
‘Thus Van Helmont tried to reconcile his chemistry with 
the veachings of the Church, which had eccasion to rebuke 
‘him yeverd times for heresy; and thus do man's speculations 
ssbout dextb get entangled with—and entangte—his specula 
‘load about Life. Van Helmoct was 2 great man whose opin 
‘ota carried weight not only with his ecientifc colleagues but 
‘with the interested Tairy: bur in retrospect we can. ##e that 
Tha moder fea er et Gt ths San ners 
ngs of th tr lana sured nada Grelny eape™ 
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‘his speculations hed 4 more prooounced effect upon the 
latter than upon whose who were 19 & position to evaluate 
Iii theories critically. 

‘A contemporary of Van Helmoor, Sanctorius Sanctorius 
(1961-1636), made the fit rational ‘spproach to the prob- 
Jems of metabolism by weighing himself before and after 
‘8 meal and demonstrating that be yaioed io weight by the 
mount that he had eaten. Followig hea, che problezs oF 
phypiology were further freed trom epititinic subeletica by 
the teachings of Francicus Sylvion (6141678), who con- 
tended that digestion, respiration, and all other procewes in 
the body could be explained exclusively in terms of the 
newly bom chemical science. But after Syivius specat 
‘went to the other exireme in the theories of Giovanni Boreli 
{3608-1679). that all animal moversenis, both external, such 
4s movements of the legs, and internal, such as moversents 
of the heart and blood, could be explained by the mathe 
marie of the forces and shapes of the gross parts involved. 

iad Syivius and Borelli, and the schools of thought they 
swasted, beeu more catily reconciled with each otber, perhaps 
Phytiology would have traveled srote rapidly along a profi 
able analytic coune; but at the opening of the eighteenth 
‘century the pendulum mung back tothe enya side again, 
[Noteworthy in respect to error was Georg Stab’ (9660-1934) 
‘teachings of phlogiton as the exential principle of beat and 
soul as the emential principle of life. Stahl's theory of 
pPhlogston war an attempt to explain the combustion in 
terms of a ponderable subrcance emitied during turning 
the burned subsance becoming poorer, and the wir cor 
respondingly richer, in plhlogitom. Many years later, s# an 
‘arlier chapter has shown, this theary was to prove a devert 
handicap to the progress of chemistry, as well a of pile 
‘logy, before it was finally exploded. It is more dificult, an 
the other babd, co evaluate the consequences of Sea's theory 
of the soul. This soul, onkike Van Heimoot's, did not need 
frchei or blas to manipulate the chemical processes of the 
‘body: it waa not a mortal something smociated in sn inde- 
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acribable way in the seoomach wich an immortal mind, but it 
(OF fuel was an isemoreal principle, spirtmal and immaterial, 
cocning from afar and at death of the body returning into 
the great unknown. It occupied the body and directly mo- 
{Grated it, aod consequently vital activities wach as the move 
ment of the Simabs, of the heart and blood, bore uo real 
Tevemblance to the motioas in dead master, whieh occurred 
‘without direct we oF alm, Scat amerted that only ane link 
‘was necessary ta cannert the sou) with matter and the body, 
and that ink was motion. ‘The events of the body might be 
roughshewn by physical and chemical forces, but the soul, 
through motion, could always shape them to its enda? 

(On the whole, however, the majority of Stahl's contem- 
oraries were not content to accept an exxy vitalitic answer 
to their questions concerning life, and they proceeded there- 
fore with chemical and physiological research, In 1660 Rob- 
‘ext Boyle, working with a pneumatic pump, demonstrated 
‘that antials ahut up Jo a vacuam mccusnbed immediately, 
even as the candle fame went out; tue Uf the air were in: 
emnby renewed, both could be renored xgaia, Thus io this 
‘ome experiment it was seen hat air was necessary for the 
muinieumce of life and ebat respiration had something in 
‘oenman with the burning of the candle, Shortly afterwards 
Robert Hooke showed that an animal could be kept alive 
by anfcial respication after the chest had heen opened and 
the beart exposed, thas exploding the theory that the me- 
chanical movements of breathing were exsential to life. 

In another directian Richard Lower (1631-1691) derpon- 
verated that the difference in color between red arterial and 





(of Blood from one animal to another. Although false hopes 
were raed by his remlty, his experiment affords evideoce 
of bow men's ouslook kad changed in x geoemtion since 
“Harvey's work wat published. It was « common view of the 
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time that air was an elementary substance, and a whole new 
arenue of approach was opened up when John Mayow 
(3845-1679) showed chat it was not the whole of air that 
‘waa neceamry for the maintenance of life, but 2 special part 
of it. This special, vitally important part he identified with 
“oitze" (nitrate), sm important conutituent of gunpowder! 
Nitze was, of coune, a subwance of great interen to both 
chemists and statemues, and Mayow's emphasis on ius rble 
in living procemes led one commentator to remask that i 
war capable of making as much noise in philowophy a1 Ja 
war. Magow’s error ia eatly uodernood: salphor, he sa 
takes eamething exential for burning out af the air (er doet 
the candle}, and yer, when mixed with oitre (ex io gun- 
powder), it buros in the absence of air, or even under water, 
‘Therefore, the ementiad “something” oust be nitre.* 

In spice of hia errootous interpretation, Mayow made wore 
[progrew towards revealing the ature of the breath of lite 
‘than anyone had before him He performed his experiments 
‘in 4 quantitative manner and sbowed that the elanic force 
(volume) of air was decreased either by the burning of 2 
flame or by the breathing of a mouse; and be inferred cor- 
rectly that both deprived the air of partctes of the axme 
od. Me concluded that the paange of air imo and out of 
the Jungs was an entizely mechanical process, aod, casting 
ridicule on the Galensc theory that breaching serves to cool 
the hear, be concloed that his “nitre” from rhe air mixed 
‘with sulptur tn the blood acd excited the letter to some 
needed “fermentation.” Focremed muscular exercite wat at- 
companied by increased breathing to tupply the ntceatary 
quantity of “nitre” to the blood, and becrine of the rem 
ing increased combustion there was prodoced an increased 
amount of heat. Thos Mayow defined in current terms ont 
vide of the respiratory cele, while many of bia colleagnes 
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‘were sill mulling around in the spititiscc theories of Suahl, 
‘Van Helmont, and Paracelms, 

‘But Mayow's succrs war a spark dertined to subside into 
arknear; for the problem was not fortber ademced nti 
nearly a hupdred yeur later, when Joueph Black (1728790) 
Tedixovered curboo dioxide and gave it a correct idenciica: 
tion. He showed tat this gu—which be called “fixed ait.” 
Dat which in reality was idencicel with Van Helmont’s gar 
(nina that iovexigr’s Blas)—coold be Hberated from wor 
burned or mild Lime (CaCO) by either acids or heat; when 
mixed with caustic lime (Ca(OH), this “Sxed alr" recom- 
‘ined eo form mild Time again. Out of this later fart he 
devised 2 simple text for the detcotion of “fixed air,” coo- 
suing of the precipitation of calcium carbouste from a solu: 
toa of calcium hydroxide: and he was able to prove that 
“fixed nit" was given off by fermenting wane, by burning 
charcoal, and by living anisuls, He failed, however, to Ue 
bia “fixed aie* up with hat coomituent of the a 
‘which supports combustion (oxygen or Mayow's "autre", 
primarily becuse he interpreted combuation in term of 
Sean's erroncous philogiston theory. 

Shortly afterwards, joteph Pricey (1735-1804) hit upon 
44 method of renoring vitinted or icvespirable air and ot the 
same time discovered at Jen one of the metbods thar Nature 
‘wee for this sume purpose. He found chat air in which = 
‘andie had been allowed to burn self ont was 1a modilied 
in a few dayt by a aprig of mint that it would no Yeager in- 
ite either a eandieame or 2 mowe, The respible cor- 
btituent of the air which was farauhed by the living plant 
(axe, oxygen) was also yielded in concentrated form by 
merouric onde when calcined by means of & bursingglas, 
Here Priestley had the experimental evidence immediately 
at hand forthe discovery of oxygen and for revealing the con- 
nection of oxygen with Black's “Yzed air"; bot he failed 
‘because, like Black, he was thinking in terms of phloginon. 

Priestley’ theory wat such that the whole cycle of com 
‘bustion, duriog which a fuel combines with oxygen to form 
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carbon dioxide, could be explained without the oxygen. Ait 
supported combustion, Prienley sid, because it “took uy 
the phlogiston given out by a burning body, and the air 
iuelf thereby became phlogisicated and unable co support 
combustion any longer. New sir Kberated from mercuric 
oxide was wholly depblogistictnd. Animals whoee bodies 
abound in. phloginon, introduced by way of comburible 
food, give out phloginon s0 Jong a3 che atmosphere chey 
‘breathe enotains enough depblogiaicated air 10 absorb 
and when this dephlogistiated air beroence mtursted wit 
phlogiston and can receive no more, the atmorphere then 
‘eases to be respirable. Plants, on the other bundy absorb 
‘hloginton and thus render phlogisiated or ireapirable alr 
Gepbiogisticated or reepirable again. Biack’s “ioxed ais” was 
in this theory a decomposition product rewulting from the 
‘ction of phlogiston upon common ait. Priestley’ account of 
‘expiration in terms of phlogiwon is the clasic example of 
hhow 1 series of facts can be explained by 2 thcary which is 
‘4 complete inversion of the truth. 

1t remained for Antoine Lavoisier (1745-2704) atthe clove 
‘of the eighteenth century to turn the explanation right side 
‘up. Examining the reaction of metal io ait, Lavoisier found 
that in this proce the metal gained rather than lot io 
‘weight, a fact contrary to the phlogison theory: and this 
{pin in weight he attributed to the cornbination of the metal 
‘with a gas whieh he called oxygen. By his experiments it 
‘became ¢lenr that calcination was a wcioo of the metal with 
this gus, accompaied by the Kberation of heat rather than 
by the emiuion of a panderable substance, plilogiaton; and 
hat respiration in the living body was a similar proces, 
ifering only ia the fact that chere was given out ot the 
same time Black's “xed air." which precipitated lime-water. 
‘The thrd, preponderant and telatively inert get in the 
atmosphere, the one that did not enter directly into this 
cycle, Lavoisier called azote’ After Henry Cavendlih had 
{Tee yar bier gro fa Fegad neon. meng Det ae ow 
teed tant semtmepng te daar of aa NESTE He 
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inolated hydrogen, Lavoisier showed thet the fuel burned 
‘in the body conaists af carbon and bydzogen, and that in the 
‘burning of this fuel, axygen (Mayow’s gaseous “nitte") com- 
‘bine with the earboo and bydrogen to form carbon dioxide 
(Black's “xed air”) and water, with the simulancous Libera 
dom of heat, 

Joining forces with vhe nscromocaer Laplace, Lavoisier de- 
‘vised methods for measuring heat production and applied 
them with great skill to both the candle Gaze and the living. 
animal. The result were close enough to ertablith wiht haw 
since been proved correct to the third significant figure: 
‘mal respiration isa comsbuatioe. alow it is trae, but otherwive 
perfectly similar to the combustion of the tame material out- 
Aide the body. A fuel reacting with oxygen is degraded ta 
‘arbon dioxide aed water with the enncurrent beration of 
fm oact and predicuble quency of heat. Air becomes 
vitiated by an animal o by 1 candicflame became the 
‘oxygen is wed up and carbon dioxide i given off plants 
restore the air to a respirable condition because in the rua- 
Light they absorb the carbon dioxide and incorporate it in 
their new tarues, while atthe same time they give off oxygen 
(0 the ait. The heat that is liberated when the fodder burs 
‘a wored sunlight. Thete ia no cuental difference betwecn 
the burning of the fodder on the hearth or in the body, 
‘except in respect to the rate and to the ways in which the 
berated beat, or energy, can be used. 

Lavoisier erred in supporing that the combustion of fuel 
‘occurs only io the [nngs {ic was not until after bis bead felt 
vader the guillotine of the Republic Uut oxidation was 
demonstrated to accur io all tissues of the body), but ewen- 
ally by his work the double mynery of the breath of life 
‘and of animal heat waa brought wt lat to 2 solution, “Tt took 
‘bata moment to cutoff thac head,” said Lagrange, “although 
a hundred years, perhaps, will be requised to produce an- 
other like it.” One hundred and forty years have elapsed, 
‘in fact, and the sum total of progress in this subject in the 
ntervening tme must be compared questionably, ia its sig- 
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nl6cance for science and philosophy, wich Lavoisier’s cam 
ribusion. 


‘7 REFAODUCTION OF Lire 


‘Froco this sumenary of progress concerning the breath of 
Jife we may now turn back to the sory of lif’s origin 
‘Throughout the Middle Ages the subject of generation re: 
‘mained in 1 stave of dismal ignorance, medieval astrasons 
showing the anborn jofaot as a miniature adult redining 





comfortably 0 its elbow, manding in heroic posture, o 
affectionately embracing 4 twin. Harvey wat perhaps the 
fin to rernme in this fiekd the experimental method that 
bad to come to an end in Galen's hands Harvey was pips: 
Gan to Charles 3, a renowned sportsnan whosc soya) pre- 
serves harbored many deer. Knowing tut the does will xc- 
‘cept the buck only during « iour-wecks period in the exrty 
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fall, Harvey mw in this facta means of approaching, by what 
was excntialiy a satitical method, the mystery of genera. 
tion. From the king he obtained twelve does during the 
‘mating season and placed them ia capuvity. Some of these 
Ihe sncrificed immediately and some afer varying intervals 
‘of dime, iment apon determining what evidencr there might 
be found in the uterus regarding the formation of the em- 
‘eyo. The experiment, in its iment and plan, wis che 
‘most noteworthy since Aristotle, but the time was nat yet 
Tipe for a corrert interpretation of the rewults. No evidence 
Of the embryo war discovered for several weeks, oF Ur 
it was well advanced, and chia led Harvey to discard the 
ocrrine of mu actual mixing of product of the male and 
{female in the uterus in favor of a theory that the spermatic 
ftuld of the male does not reach the uterus, bat emits « 
‘Yapor which stimulates that organ to secrete aD Rg, 

‘Tt wat not until Bfty years later that Regnier de Gruat 
{8642-1673) drew attention to the importance of the ovary. 
De Graaf was the firme to describe the large watery blisters, 
or Graafian follicles, in the ovary (in which che trve eng, 
‘only one tworbundredth of an inch jo diameter, is actually 
‘matured and cast of); but he incorrectly amumed that the 
fllicles as a whole were the essential marting-point on the 
female side. 10 spite of this erroccour interpretation, De 
Graafs work was a ep in the right direction ir unraveling, 
‘the mysery of human reproduction. Specaistion ever runs 
ateud of observation, however, and the problem wt this point 
took a fxr leap from the proper course. A philosopher, 
Nicolas de Malebraache (1638-175), expanded’ De Craats 
observations into an engaging theroy of embottement or en: 
‘carement: he premised that all the ova, to create unborn 
generations until the end of man, had been carefully eo- 
sSesed one within the other ip the Ovary of Eve, like a series 
cof oriental boxes, Eack female aftcr Eve bad neceseatily one 
Jew egg, and the mathematicians even went 30 fer as 10 cal- 
culate that after 200,000,000 generations the supply would 
bbe exhausted and the race extinct, The argument touched 
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the popular imagination, end once again science met the 
approbation of the Chureh: for reproduction by encasement 
(tared life back to the original creation and—what was per- 
‘hapa more important-offered 2 biological proof of the doc- 
tine of original si. "Thus between. the Church and the 
philosophers the epg became all at once tremendouly sig- 
nificant, and the male semen correspondingly insignificant. 

Here the matter might have remaived had not new dis. 
coveries with the microscope confounded the advocates of 
‘the ovise theory. What dhe telescope did for ascronomy, the 
microscope did for biology; it revealed on invisible worid 
scaredly munpected by men. The exrly hitory of the zaicro- 
scope ia obscure, but many contcraporaris o€ De Graaf wett 
pecring though it at all sorts of dhingedecaying matte, 
pus, blood of patients dead of plague, plants, bees, snail, 
frogs and other animals. Gne of theae peercrethroughethe- 
mieroscope. Antonius van Leeuwenhoek {163¢1725), scion 
of wealthy brewers, wat famous for having the largest col- 
lection of magnifying glass in che world, most of which 
be had made himself. One day, with the aid of 2 powerful 
‘fas, Van Lecowenbock discovered i human semen count- 
Jew animalcales, extraordinarily smal) and worlike cres- 
turer swimming about with vigorous motions of the tal, 
‘That these “worm” were important for the procest of 
reproduction seruck Van Leeuwenhoek at once, and=the 
pendulum ever swinging too far—be forthwith denied the 
‘importance and even the existence of the buna ef, mssert- 
ing that che sperm alone war the father of the child, the 
mother being but the receptacie, the incubator, and the 
murse. 

‘Thus aoother socially important doctrine, the doctrine 
of the ionste euperiorty of the male, found iuelt unex 
pectedly confirmed by these new discoveries. In olden day 
the Bgyptians and the Greeks bad considered the wornast 
to be the nutrient soil that gave the embryo, 2 stranger to 
Iher blood and personality, is growth: and in the teachings 
of the Church a subse ditioctioa persisting from Hebraic 
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Jare had been drawn between the sexes. The idea was even 
incorporsted into English law ic the cenrary before Van 
Lecuwenhoek’s discovery, when 2 woatan of the royal fim- 
fly had been adjudged aot abia to her own von. Now it re- 
quired only a Tiede ephericl) aberration in the lenses abd 
imaginations of Vani Leeuweohoek's contemporaries to tee a 
‘naman vimge in the head of the newly discovered spermato 
00a and a clovely compremed body io the wil, And, mex 
‘nid, within the tert of exch homunculus there was a2 
other preformed homunculus, and in tbe teatin of thin 
another, and 10 od infinatum. Father Adam was the begin- 
‘ning of the series, and Mother Eve merely furnished a shelter 
bby way of her primal scric of eggs in which cach preformed 
‘homunculur might develop in ita vine, To get the boowun- 
cules into the egy the latter had to be furnished with an 
hypothetical trapdoor; this the homunculas was supponed. 
to dove behind it ster it bad entered, dbus condemning its 
Jee fortnoace brethren to death outside. How the theologins 
explained the fate of the innumerable hocnuneuli wha were 
tunable to find ap egg, hatory does not record 

‘The ovis immediately cried to tura the tables by unr 
{ng that these spermatosoa were useless paratine worm 
anuch a4 might be found in any xayrant poo! or bit of deray- 
ng matter, Resemblance of the child vo the father they 
‘explained ae due metely to prenatal imprewions, while re- 
semblance to the mother was due to the fact that the had 
nootithed the embrya io her womb, The argument wat 
funtber complicated by debate oo whether each embryo wat 
‘built de nove or whether it was zeally preformed In minia- 
ture within the egg or the spermatoaoin at the case wight 
‘bes perfect being needing only to unfold and grow. The 
soatraverry found no end uatil che nineteenth century; it 
divided Lternture, science, philosophy, and canual imtercouree 
into bitter school. The compound microscope had to be 
‘greatly improved before Karl von Baer (1798-1876) could 
dicover the minate trae egg of the dog in the Graafan 
follick, roughly describe its atractare, and refute the theory 
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cf preformation. And men bad to learn that ail Living tis 
sues are made up of cells and chat there is ope universal 
principle governing the development of ali animals and 
plants-namely, the formation of new cells by celldivition 
before Albert voa Ralliker (1827-1995) could enablish 
‘that the spermatozoa were true body cells and that it wus 
‘thete which were evential for fertilization, amd vot the 
seminal fuid in which they ewars. 

The inventigation of the reproductive proces was fur- 
ther accelerated by the introduction of chemical raethods of 
taining which brought into view the minute parta of the 
cell, and attention was 2000 focused 00 the cell cucleut 
‘While the ell doctrine—that all els come from pretziating 
celle-had initially aided the development of x correct theory 
of reproduction, reproduction was now teen to be bat & 
specialved aspect of the waiversal proces by which all cells 
are formed, by whuch all living cbings grow or effec repair 
of injured pars Both growth and reproduction were traced 
 chramasomes—minate irregular threats in the nucleus; 
land here too was found the key to other myuteriet. Not 
the least of these was the problem that had so perplexed 
the ancients: why does the child resemble the father in rome 
features and the mother in others? The snewer to this ques 
tion vs fie roughed out by an Augustinian prient bebiod 
the white walls of « monamery on the emerald dopes of 2 
Moravian mountain, Ia a garden given over to the breeding 
of columbines, mapdragons, huwkweed, ax well as more 
lowly pumpkins and pensto all of which he refered as “ray 
children" —Friar Gregor Johann Mendel (1808-844), crom 
Sertilising bis plants by hand to prevent accidental potion: 
Hon, formalited the laws of inberitance, His work remained 
‘unappreciated unit thicty yours ago, when Investigator 
‘began making observations upon che auclear constituents 
‘at the cell; but so advanced were the simple principles by 
‘which be described the perplexing problema of heredity that 
they could be superimposed upos the newly developing sci- 
cence of cytology, as 2 shadow upon the wubsamtial pattern 





m6 THE STORY OF HUMAN ZEROK 
hat cams ft Tk war mot loog before the determinants of 
Inheritable characteristca were shown to be located in the 
nuclear chromoxmes. The nebulous problem of sirailarity 
‘and difference between parents and children, which Ind 
previonuly been amigned to nurture, prenatal imprenions, 
(or even 10 more ephemeral causes, were thus placed poo 
a cellolar basi. CE. McClung discovered that ox ivelf 
(primeval breeder of trouble, bist, and philosophy!) war 
determined by the chance presence or abseoce of 1 special 
chromosome; and Jacques Loeb (3859-2914) showed that 








intervention of the spermatozoa (parthenogenesis). It was, 
however, mo longer pouible for earting discoveries ke 
McClung and Loeb's to misiirect men's ideas into fun- 





‘atic errom: for it was naw recognited that, in the natara 
proces of fertilization, both the egg and the spermatozoon 
contribute equally to the deserminative chromosomes, and 
therefore equally to the exential nacare of the child 

Jn the current interpeetation of biology, the inheritable, 
permanent fearures of lle are dewermined by foci in the 
chromosomes called “genes.” These are distributed along 
the chromosomes like bead along a thread: from thetx eee- 
tral position within the cell they role the growth, formation, 
and metabolism of the body with a magic which would tax 
the ereduliry of any medievalis. The paternal and maternal 
ehromovomer meet at fertilintico, sulle about, exchange 
‘Benes, separate ogain; and the cell subsequently divides, pro- 
‘ducing successive generations of cells, ssccesive generations 
‘of men. No vitalittic theory has as yet identified itelé wich 
this weird chromosomal dance—periaps because the genes 
are with rare exceptions strangely ateadiast and immutable 
and berause these particular qualities do not invite a myst 
cal interpretation. But there is much in the joint problems 
of generation and growth that is mill unexplaioed—the ve- 
production of the genes uhemselves, the means by which 
they exert their determinative action upon the surround: 
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ing cell, che couse and nature of their tare but significant 
mutations. An open read Ear both sound inguiry and har 
‘ardour speculation lies abead. 

‘The history of man's undermanding of his own repro- 
duction bas been a devious one, marked by Tudicrous errors 
and frequently eccompapied by euravagant Aights of the 
imagination. But the waxed energy that he has put into 
his endeavore to understand how be begets himself i1 noch- 
jing compared with the wasted energy that Nature puts into 
the reproductive proces itself. Probably not more than, 
1 per ceat of the ova from the human ovary are ever 
fertilized; and at each sexual unian more than %00/000,000 
spermatozoa, each presumably a perfect potential being, ate 
‘wanted, whide only one achieves that goal which we may call 
personality. It is necdlew to raultiply these figurev to grap 
the fact that the fruition of an adult life from the Sraper- 
sual tree of the germplasm is 3 very haraudous afair, 


TUE NEEANING OF LTE 


“There is much in economics, sociology, religion, and phi- 
losophy that, resting upon ancient and worn-out founda- 
tions, tow trembles in consequence of being uodennined 
by these new fact, How will men's views be affected by 
the new koawledge of biology? "The stare, dhe exrth, the 
living body, the blood, the breath of life, the very pattem 
cof character and persomality, have been reduced to terms 
of atoms and molecules in a site of continsous interchange 

interaction What, then, is to become of dat 





during pertonal entitie? Must individuality, like all lve, 
be reduced to atomic @uxionary term? Or witl some 
sudden tun in the path of discovery reconcile the atomistic 
ature of life with its unitary sense of being? 

‘The pendulam ever swings too far, and it iy antered by 
‘many that modern physiology, with its explanation of life 
in exelusive terms of atouisa, is in erar. From a persona! 
point of view the picture is not an attractive one. ‘The 
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workd of Galen and the medieval philotophen— well 
planned workd changed with objective meaning and beauty 
‘and having 1 special purposive relation to every man, to 
‘his hoper and fears and dastiny—bas disappeared, vo de 
replaced by a world of materia) parccles maving in a forrut- 
toos concourse through space wnd time. By accepting the 
‘relative, rather than the abwolute, significance of all rpotion, 
‘we do not In the slighicst weasute restore the oldashianed 
centhetie and amthropocentsie elements to the universe that 
fouce were—a0d that still are—so precious to the Irucsen 
heart. Living organise with their individvulitiey, with 
cverrthing that i so unique about them, appear to have 
‘been evolved out of a chaos of atom no one of which isin- 
hherently distinguishable from any other. Objectively viewed, 
the identity, the feelings, and the purposefuinem of all Liv 
ing thing, including man, are but transient patter in dia 
dance af sams and ate denined to «blind and pauionless 
cay 

“This atk picture of coders suomiam is not 49 different 
from thar which Lucresias had of tife and desth, which in 
the paraphrase of Mallock readsc 


No single thing abider; but all ings How. 
Fragment to fragment clingy—the things chus grow 
Until we know and came them. By degrees 

‘Tory melt, and are no mare the things we know, 


‘The ouutanding, distinctive feature of all living organ 
{nm isthe inhereot impole, tendency, orgeniztioa, or what 
you will, to perperuate their own structural and functional 
integrity. This innate characteris seltevident om the lower 
‘most plane of growth and reproduction: and it is not 
surprising to discover it also at the uppermost plane of 
sophisticated philowpbical speculation. Some scientist, im- 
pelled by an ego desire to perpenuate themselves and 
Guided by thove vestiges of ancient and medieval commology 
‘which linger in modem thought, ail] seek to dlicuver the 
mucaphpial somewhere along the borderlands of know! 
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edge ‘They seek to discover not omy 4 means by which 


aupematuruists. A favorite feld for speculation is in the 
‘problem of mind and matter, vo mre the duatinéc expression 
40 firmly Sntrenched in che valgate parlance by the theo- 
Logical doctrine of a isamateria} sovl, split, ego. tec 
pomcily inhabiting x wteria) body. To many people tbe 
problems presented by comcioumes and it relation to 
‘hatter appear 1s the motioos of the heart appeared to Harvey 
“only to be comprehended by God.” It it not enough for 
them to view conscioumess at an evanescent Rame of fcel- 
ing, eaily extinguished by any adverse wind—a blood<lot, a 
‘moment of asphyxia, s whiff of chloroform: instead, they 
‘would spin from ir the very atull of atoms and nebulae, $0 
that the universe becomes 2 Universal Mind in which our 
Tives are but pusing thoughts Oxbers, store convinces of 
the extemal reality of toms and nebulae, would see us a5 
‘quite mtomnistic creatures aspiring and acting by virue of 
3 Supernal Smpulse switching an electron in its quantiam 
‘courne. For these itis not edvcatiom, memory, foresight-the 
integration of all our sensory experience-that guides out 





even makes for us the final choice between a blonde and 
‘bruneve, 

Yo this emually bizarre and frequently tragic world it ia 
sometimes harder to gain to what ‘Thomas Huxley catlod 
“an boner: agnowticima” than to adhere to a naive faith, 
‘When we watch man speculating about himselé, we all bot 
Jose bope that hi critica capacity will ever get the appet 
and over bis naturally wishful, egotitic thoughts. But it ia 
significant that the scientists wba are in a position to peak 
aunhoritatively about this creature Homo sapient—the bio- 
chemists, physiologists, prychologists, nd. prychiatrins—fur- 
nith few recruits to eosupermaturatiom. Mon of these 
eadenta of the living body conduct both their liver 
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and their invertignions in accondance with che principle 
shat only pagsical causes lance into physical effers~in mice 
and men, if not among the electrons. They have read in 
the bisory of human error that itis this principle which 
hha pointed the path from: the fest inquirer down to Harvey, 
Lavoisier, Mendel, Loeb; for them it sll points 2 path 
leading wide and sraight to the wsoost Timi of their 
vision, acess the Uokoown ehey mux yet traverse, 





Cuarrer VINE 
ERROR IN NEUROPHYSIOLOGY 
By G. Judson Herrick 


NEUROPRYSIOLOGY eccupier « unigae place in the crete 
of the sciences 2 the port of convergence of the physical 
tnd the pryehical. 1 raves the coraprehenira problem of tant 
lace in Noture: whether the rich mebyectioe prychic Tie of maw 
‘an be brought within the scheme of interpretation applica 
1o the ther Sciences, end whether our mubyective experience, at 
the climax of eoolaivon, can Be articulated with wal orgont 
and vital frocesies ow w natemautic plane, endif s0 om what 
sumptions 

‘Systematic speculations upon the relations of mind and body 
{0 back to Greck phitorophy, and patalleting them are theo- 
Togicat doctrines relaing fo the oul, eluding creation myth 
‘exd the entre range of primutree philosophies. Our rurvey Oy 
be Kimuted to attempted sofuions in the tine of ancestry to the 
iclenife view of today. A vaneé penorema of error appeary. 
On thar vital ueue conciasions were reached upon what Anaut. 
edge war eveulabie: they covld mot ewest its completvon. 

Gomidering hows crude were the methods of isrction—and 
these utiliza ondy by puonecring minds—it iz not rurprating that 
arly obveners should Rave been beanidered By the exnousty ar 
romped maser with the shalt end aprual conal, and dhowld 
hhave proposed interpretations Buarre 1o our raformed leemung. 
2t Becomes tntclligible that Aristotle showid hove regarded the 
brain ws 0 cooling epperatus to ofset the het, ery vapors of che 
hear, the seat of the soni, devided by Plato éntn rsiona, ecg, 
‘and other spiritual orders. The domsnant philosophy treaifered 
the phyticel notions of the elements {0 the hfe functions, most 
elewiy indicated im the doctrine of the temperementi—ahich 
cuimtully « neuroplysiolopic! schewe-and in selecting the 
ffvids and the spaces they occupicd as keys to the plan of the 
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structure (ane Chapter X). But fn addition to these speruletions 
thee ware attempts to fod elementary units of ection and typet 
of neural mechentoms. The independent action of the pasts of 





mechanical chemae wes the bait of the viens of Detcoret, who 
Alt but dlcovered the principle of reflex action, That notion 
tem tnd eit of rect tthe ero of mode tne 


F[PHE, srecuLarions at the presicotiic period re 
garding the part played by the nervous sytem in the 
control of behavior are sommarized in » later chapter. A 
‘oucept that figures promincatly in the argument i the reflex 
a. unit of bebavior with a demonseable bodity mechaniwn* 
All early speculations brought into play such spiritual or 
‘cccait amumptinns as animal spirits: opposed thereto were 
‘mechanical explanations such as J. O. de la Metzie's Afon a 
Machine (1748). At tat time the facual knowledge of 
bodily orgunizacion was Inadequate to support 30 sweeping 
sa yencralization. The clear formolation of the idea of refx 
ction af 2 type of neuromascular response with specific ob- 
jective characteristics dates from Marshall Hall in 1832. Tt 
‘abered in 2 period of rapidly inceasing knowledge. Many 
special reflexes were accurately woudied phipiclogically with 
demoaxration of their nervous pathway usd centers, All 
this promised a matistactory mechanistic sccoune of all span 
Ibebavior, 

Such toechanistic concepts then as mow met great revstance 
{rom intrenched dogma. The way for their gradual acceptance 
‘was prepared in the sixteenth aod seventeenth centuries by a 
revolutionary change in attitude amoog the leaders of scien 
tlic thought. The exploraticas of Veraliut, Harvey, aod many 
others le the welHiniurrsed to enertnio the radical notion 
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‘that some of the movements of the body might be explained 
‘withoot the ai of 2 “soul” or other spiritual agency. ‘The 
mechasics of bodily ection received serious attention. Det- 
canes before the middle oF tbe seventeenth century applied 
the iden of an automatic, elfacting mechanism to all ani- 
tals below man. “I know, indeed,” he wrote, “that brutes 
do many Ghings better than we do, but Iam not surprised at 
‘ts for that, aluo, goes to prove that they act by force of 
nature and by springs like clock.” Similar bodily mecha- 
nisms were recognized in mankind, bur here they were Te 
arded sa inadequate; the preamare of the theological atmos: 
phere of his time was too strong. Jf the braves, Descartes 
‘aid, “should think as we do, they would bave an jinmortal 
soul wt well ab us, which ia not likely.” Accordingly, he Ste 
voked purely bypotherial “animal spirit,” distilled from the 
‘Blood and stored in the brain, “being like « wind or a very 
fine fame”; they aze carried from the brain by the nerver 
to the couscles which they inflate and activate. Their fare 
(dom is to Tink the soal with the body. As part of the body 
they are mubject to physical laws, but their movements are 
‘canted by spirieual agencies of a dillerent order. Descarter’ 
‘speculations fe just short of an iotelligible scieatifs formu 
Intion of the problees; by virtue of his prestige his future 
had montentous consequeaces in the direction of exror, 

‘The twencieth cencury introduced a new era in neato- 
physiology. A hrandred years of intensive and well-planned 
phyviological and anatomical invexigation Srmly exablisbed 
the reflex at an important comspooent of behavior. Based on 
‘these concepts, German biologists elaborated an experimental 
‘mechanistic biology and a program of objective peychology. 
Jo Rusia, under the guidance of Ivan Petrovich Pavlov 
(184-1996) ,« eymem af reBexology was formulated, and con- 
divioning of reflexes (which is learning) vas intensively 
sendied. In America a radical “behaviorian" carried the doc: 
tines of reflesology to their logical reductio ad ehsurdurn. 
‘The fallacy here lies pot io the reflexee—they are real thingy 
but in the poten of an abstraction, a omcept, into & 








agg THE STONY OF HUMAN EXROR 
ogina, Useful 1s are reflexes when recognized as components 
cf behavioe, the attempt to explain all animal and buman 
acaivity and experience in terns of the rigid categories of 
reflexology broke down in practice. Pavlov's “analysers are 
‘excellent for their purpowe—the foreaulation of responves in 
andardized pater of behavior. But the vital proces in- 
clndes other functions even scare primitive and fondamental: 
thee are the #yatbetic or ioregrative functions, the toulizing 
activities which maintain the integrity of the oxyaninn 19 4 
whole and cnure progresively core ecient adjustment. 
‘These wmchecic functions cannot be included in the cate. 
wgories of reGexology without so radical an expansion and 
Alteration of the concept as to take it meaningiest 

It ia egnifcant that Sic Charles Sberrington's noble 
‘researches on the reflex were summarized in 1.go6 under the 
title, The Integrate Action of the Neroous System, With 
the new century the interest has sumed from refex as a2. 
analytic function toward the prablem of integration. Reflex- 
ology leads imo a blind alley fram which there ix no way 
curt except by way of the larger field of the integrating oF 
synthetic functions, 

‘This pastion is pecially stated with experimental sup: 
‘port by Coghill? who points out that the primary function of 
the Nervous syatem is “the maintenance of the integrity of 
the individual while the behavior pattern expands” The 
“total patterns” of behavior are primary; indeed, they ante- 
date the nervous stem. Reflexes are local and “parual pat: 
in the animal species that Coghill has so intensively 
studied they are not the primixive element of behavicr. On 
the contrary, they emerge fram the total or integrative pat- 
tems rather inte in embryological development. The history 
of the origin and growth of the apparatus of the totalizing 
functions is obscure. Clearly there ita gradual elaboration of 
special nervous apparatus of arntbetic and constructive activi 
‘es, Jn naan these ongane lie chiedy in the cerebral cortex, the 
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part of che brain that dominates and directs all activities of 
the body except the mort primitive physiological fumrsions, 

‘Conditioning of reflexes isan early sep in the elaboration 
of the learning process. Learning it a “total patvera; itis 
the whole body that leseng, mot the reficx arca. The nervous 
apparatus primarily concerned with conditioning is separate 
fn the brain from the reflex center. The mervous cent 
and pathways of scores of rellexet have been accurately 
tarted, Their arrangement is ewectially uniforr in al mew- 
bert af a race at species inderd, these aralytic mechanism 
are remarkably similar in the brain-sters of all vertebrates, 
‘But the apparatus of conditioning and other integrative func- 
‘ions varies more in mass and internal texture from fib 10 
man than any other part of their bodies. This development 
culminates in the human cerebral cortex, « structure lacking 
in the lower fuhes but comprising about ball the weight of a 
‘human brain, 








LOCALIEATION OF FUNCTION 
We tum oaw from the attempts to find the clur of the 
neural bats of behavior in the ple unit mechanism to the 
‘opposite approach: co find them in the rome developed nex- 
ral structures correlated with the moxt elaborate phases of 
‘mental action, This attempt found expresion in the parcel- 
ing of the mind's activities map-wise on the human cortex 
and 00 the homologous areas of higher mavomalian brains. 
‘The accurately charted pathways and centers of adjust- 
ment of the analytic functions make up the greater part of 
the brain tesa, extensting alto into the cortex of the cerebral 
hemispheres, where they are known 2a projection tracta and 
‘center. The cortical exntees into which nervous impulses 
from the eyes auditory impulses from che ean, eet, ate die 
‘charged have been aupped in mosaic patterns om the surtace 
‘of the cerebral heanispheres. This Jocaliztion of physiological 
fonctions of analytic ryper is thoroughly and accurately 
Jknawn, and this knowledge has made posible great improve. 
ment in the @laguosis and treatment of nervous dieasch. 
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"These spectacular roccemes have Jed to the expectation 
shat similar “centers” performing the mental functions would 
‘be revealed through furcher search. From the days, more than 
«bonded yeara ago, when Gall and Spurzhcim founded the 
supposed science of phrenology unti) now, this ques has been. 
proscoxted with vigor and skill: yee its renults have been dle. 
spotting. ‘The assumption that the higher peychic functians 
are localized in patterns cimilar to thoer of the analytic tune 
tions was an error. 

‘The “awociationa!™ tiswe involved is not aggregated in 
“eenzern" each of which performs some specific sat of per 
ception, reaioning, or volition. This tinue is dispersed 
‘throughaut the brain, bat chiefy accumulated in the cere- 
‘brad cortex, of which It comprises more than half, Our 
‘coniclous experience is individually acquired; unlthe the re- 
flexes, it is pot born with us. The details of organization of 
the nervour tinue employed during the acquisition of this 
“mubjective” experience are not predetermined at birch; the 
arrangements Gnally effected depend on the expericoces had 
‘These tsnues, moreover, retain same measure of their exobry- 
‘onic fluidicy Uhroughout Tite, « that tbe wear of conscious 
‘experience fiom aod ebbe In everchangiog patterns. 

Rigidly Sxed arrangements of cells snd fibers such as we 
sce in typical reflex ares could no snore perfor these labile 
functioas than the switchboard of aa automatic telephone 
‘exchange could perform the feats of inventive skill of the 
engineers who designed it. The higher “ubjective” fonctions 
Ihave organs, but these orgaos axe not localized in space oF 
‘andardized io performance io patterns similar to those of 
the simpler analytic functions ou the phological! plane. 

‘COMPARATIVE. ANATOMY AND PHYHIOLOGY 

‘The past hundred years have scen intense and jocreasing 
activiy in the study of the comparative anatocty and cm 
parative embcyology of the nervous system, in. the bope of 
Ending the principles of development and the organic ageo- 
ies that have elaborated the apparatus of control of animal 
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and human bebuvior. Out of this coormons labor some of 
the formative agencies are coming to Light. 

In the preDarwinian period che search was for some ob- 
scure pattera imprewed apon the anima! body in some un- 
‘known way, which exablished 2 normal form or archerype of 
‘which all other patterns are variants. The poet Goethe, who 
as alto am anatomist, and many of bis distinguiabed can- 
temporaries elaborated 1 “pure morphology” devoted to the 
search for these primordial types of weacture, which by comme 
‘were supposed to be exprestions of the Creator's designs or 
‘userations of a predetermined order of Nature. 

‘Alter Darwin the entire point of view changed. The recur: 
renge of similar patterns of stracture throughout the series 
‘of brains of all bact-booed animals was explained sltogecher 
iflerently as an expression of the conservative inBuence of 
heredity. In embryclogical development the human beain 
[pass through a nucceasion of stages which retecable the adalt 
‘brains of other vertebrates in series fram fahes to apes. This 
serlal relation was regarded by Karl Ernst voo Bace (79 
1876), Erna H. Haecket (1854-2916), end theie followers at 
evidence of « “recapitulation” by the individual of the evo- 
lutionary histary of the race. ‘The fundamental principles of 
the form of the hea, its “morphology” at tanght by Thoma 
HL Huxley (1835-2895) and the other great comparative 
‘anavomisss of his time, centered about voo Baers principle 








but oot for dilerencs It ia aac conception of wructare, 
‘but Hiving vructares are not wate. It ia x petial truth which 
v0 largely dowinnted interot in the las thin! of the nine 
teenth century a4 to reard progrem. Toward the clove of 
that century the interes of comparative anatomir shifted 
fram form t0 proces, Experimental methods were rapidly 
developed with specacalar rales which moliied ancient 
dogmas mad their ter modifications and brought to view 
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the vital proceses shaping the growth and evolution of the 
nervous system. 

"The oervous organs are now viewer at x going concern; 
the interest ia thelr wrocture has become dynamic. The 
focus of inquley is directed to the workings of these compli 
ated webs of nerve cells and fiber, and how changes in 
arruciure are related to sbitting patterns of behavior, This 
interest faces forwant, not backward toward archetypes ab 
records of the Creator's design oF ws surviving vextigts of past 
evolatlonary processes 

‘The formative agencies that determixe the course of 
yom and evolution are now reengnizable. Some of these 
are the physiological gradients of CM. Child at measured 
‘by rate of activity in various parts of the Living tine, chemi- 
al messengers (horaone) spread chroogh the body Buds, 
differences in electrical potential generated by local vital ac 
tiviry, various activators of speciéc Siods of function. This 
sanception correc older errors aod suggest new problems. 





Other approaches have been made to the penistent prob- 
Jem of the relation of physical and peychic force: or events 
‘With the methods in mind of the physical aciences proceed. 
ing by mathematical formulae, the idea was tempting that if 
the two members of this relation could be redivced to mens 
‘arement, an equation would resole which would salve the 
‘elation, The ott elaborate comcributlon was that of peyco- 
physio, 1 formulated by GT. Fechner (sB0r-1887), whove 
‘Personality was a strange combination of mystic and phyicit. 
‘Based upon the observations of FH. Weber that the per- 
ceptibility of a diference in two lifted weights, two bright- 
nemes, two surface, two Joudnewes of sound, was propot- 
{onal to the arpoune of weight, ight, ound already present, 
Fechner went om vo formulate the law that to produce equal 
(arithmetic) sept of perceptible increases ame TUR present 
equal ration (geometric) of inereating sticnulation, and from 
‘this he reached the abstrct equation: “The intensity of the 
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seneition i zpproximately proportional to the logarithm of 
the strength of the atimalus” It all Jooks exact and sounds 
learned, but it rests om a multiple error. These abstractions 
Ihave no reality. Nature doce ot create senses ax pinpical 
inseruments, but for biological service. Obviously a pound 
that i# ope ounce short compared with a correct pound is 
more veadily devscted than the sbortage of an ounce in two 
‘pounds or five: likewise an inch at the end of a man’s nose 
amakes a greater difference than in bis total height. But the 
so-alled law does not bold beause Nasure does not work 
that way; vital proceues are too labile 10 submit ro 1a sizple 
and rigid mathematical formulation. Enuie Libraries on pry- 
hopin (not all of i¢ facile) bear witness to the patient 
energies devoted to a false premue, Toe error of peycho- 
Physics remains monumental iavtructive. 

But the search for mental measurements continues; uch 
of itis in the direction of proétable progres, ill more of 
it o€ dubious value and misleading. That renult expressed in 
‘quantitative form supply an ingerumenc of research bas been 
abundandly demonstrated io x hundred problems of experi- 
mental peychology* Similar, in the applied Std, the intelli 
gence quotient (1.Q) is a mseful mental mewure of certain 
‘orders of capacities; but it maker no pretense to Furnish a 
direct correlation between mental achievement and neural 
‘Process. In the studies of maturation in chikiren in whick 
‘Atoold GepetTs contributions are the most complete and tig. 
Aificant, increasing integration and control ate presented 
‘qualiatively but supplemeoted By meanured rates and rele: 
tions, Seudies of learning geoerll proceed upon quantitative 
dda but they yield Be addicomal ineight ino the relation 
‘between neural serarture and paychic development. 

‘The ecady of emotions by both neural and experimental 
methods proves convincingly that afective process are spe 
<lfically correlated with physiological fonctions The thalamus 
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thas been sown to be the cerebral sation of emotional ex- 
‘premion and its visceral components. The brillant demao- 
stration of W. B. Cannon and others have tet forth the cloue 
relation between the autonomic control of glandular func: 
tion and such poychic conditions as fear and rage. 

By all these cootribotions neurophysiology has been co- 
‘chet, aod the total view of the body-mind connection bak 
‘indeed, auomed a great transformation. Especially i the con- 
scant and diversified cerebral contol of all the lower neura) 
‘mechanisms made clear. TWweotiechcentury phywiclogits and 
peychologiss have at command an exteruive and detailed 
picture ofthe neuro paychie relation axa whole and ia all its 
‘component pasts. All earlier views, lacking this insight, are 
{nti far erroneous of atleast defective and out of focus 

‘Yet that strict correlation of neural process X with perchic 
teste ¥ has noe yet appeared, nor any exactly quantitative i- 
ex that serves asa Bridge from one to the other. Their inter- 
dependence ix more richly demoosrable, but no more. The 
reasons for 2his Limitation are siguificane. 

In the ordinary course of aur lives, feeling. passin, seati- 
iment, and eppreciaion of enhetic and other values are ex- 
pretions of vital procawe of great complexity, iocuding 
visceral procenea of diverse sorts, other sensory experiences 
froea ouside the body, and reverberatons of the nereout 
impubes 20. excited throughout wide reaches of brain 
tissue, incloding cycles of actiou and reaction berween the 
‘thalamus aod cerebral cortex For these complicated and 
variable functions we bave no single reliable pusmerical Indi- 
ators. 

1 these prolonged and difficult researches in the field of 

ce che search for a simple and exact formula to 

express the telation between the mental and the physical bas 
to far been vain. The reaoa is that the problem bas been. 
covershnplibed. Both mena and bodily procewes are tao comn- 
verdes beret mph Di dest 
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‘hat the peoblem is insoluble, omly that it has pot yet been 
tolved. 

‘At the peesent age of development of scientific technique 
{tina fallacy of method to imix that exact numerical sate- 
‘ments of the rerules of obeervation or experiment are neces: 
tarily more xccurate or more desirable than satements in 
terms of “intensive” magnitudes that cannot be added, gub- 
tracted, or maltiplied.* For, as Dr. Alexis Carrel sys, “To tin 
the things which are not meararable are more important thin 
those which are mearurable.....As couch icoportance should 
bbe given to feelings as to thermodymamica” 

Te dhus becomes clear that the ory of error cannot yet be 
‘brought ta a consistent conclusion on many fundamental 
‘questions in so recent a discipline as neurophysiology. Astra- 
tion is foeused on radical shift of interpretation in comse- 
quence of new insights resulting in part from pew techaiques, 
‘Bat far more from researches designed to test concepts and 
hypotheses emerging from increasing fullness and rightness 
of basic and cop newropaychic relasians. 

‘Yee dhe hope of etablishing 2 regisry berween the neural 
sud the peyehic romain. When ic wat discovered that strong 
‘emotion  umnally accompanied by measurable changos in 
the electrical potcotial of the skin, the hope wat revived that 
here at lat in the “peychogalvanic reaction” we had a crue 
physiological meuure of a mental proces. Unfortunately the 
(ee ia not 40 simple. Thexe galvanic records expren changer 
in local resistance to passage of electric cortent in tbe ekin 
iuelf duc to variations in moisture, blood Bow, and other 
‘causes, They are expreations of various sctivities of the eym- 
fpotbetic nervous ester, and their relation to the tubjective 

of emotion is incidental and ioconstant. This 
promising lead, accordingly, was « false ove leading ito a 
blind alley, 

‘Another and soox recent cecheique bearing upon the prob 
leu of direct reading of peychic cbages in neural terms is 
furnished by the oxllograph with rediotube amplifies 
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‘hich reconds miouze electrical changes, or action currents, 
resulting from the excitation of nerve cellt und fibers. 

‘These instruments permit direct observation and ica 
(taneous recording of local electrical changes of the order of 
‘a thoumnth of a milUvoe in time unit of x een-houranth of 
«a secood.! Hf now a beam of light is thrown into the eye of a 
rabbit, the reruling oervous impulses can be followed along, 
abeir devious courses from the retina through the optic tect 
and centers of the brain to their discharge in the visual area 
‘of the cerebral cortex. The whole process can be recorded on 
a movingpicture fil and the details rudied at leinure and 
correlated with microscopic studies of the brain of the ame 
‘abit at the end of the experiment. Thus minute anatomy 
and experimental phytiology, which hitherto have groped 
their acparate ways in the dark, now join hands in a codper- 
tive effort to find answers to our pues. 

‘The scope of this new electrophysiology in not Limited t0 
the fevel of merrous functions in the realm of the unconscious, 
‘Action carrents can be recorded from the cerebral cortex and 
peripheral organs of conscious human subjects dancing the 
performance of vacious kinds of mental exercise. Thit feld 
hhas been but litte explored, bot it is clear fram observations 
already made that there is reumoable hope of some measure 
Of soccer: in dicect observation of the correlation between 
‘menta] procemes as vabjectively experienced aod an objective 
record of the related activities in brain, nerve, muscle, and 
‘viscera. The great dilemma of human biology will day, we 
believe, be farther advanced toward solution. 





DEOUANERE AND SURJECTIVIFY 
‘The problem of neurophysiology ix the search for the 
bodily appari of adjustment on the physiological and 
peychological planes of organitation. Having presented the 
stages of inuight and proposed solutions of this problem of 
Gunge H. Bop, “Knarepbsogy at che Ba” in Tha Prob of 
Menad vor cotch oy Metaoe Bessy tod EV. Contry (HOH 
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problems, including the erron, the false Ieads, tbe intrusions 
‘of dogem, the blind alleys aa well as the mages of increasing 
Iinowledge ewential toa right approach, we nd on our hands 
‘two concepcians, the one apparently iocomparible with the 
codber: that of mechanigm, and what for lack of a fitter term 
‘ay be called subjectiviry-in one sense the conscious aware 
new of lifeprocenes, 

“What, considered in its bearing om the body-mind relation, 
4s the correct, what the erroncous view of a mechanism, ia the 
fim iuve. ‘The mechanims concerned are thote created, 
evolved by Nature: the error that rejects the mechanistic 
interpretation aries from an ancient and fundamental blun- 
der in the interprecation of our own experience of Nature 
‘and especially of human nature, 

‘Naruse is not split up into seperate compertineney—matier 
and energy, inorganic ané organic, body and mind, Thee ure 
all interrelated; they interpenetrate: and they all johere in 
a.anitary natural order of things. As a normal sentient buman 
‘being, 1 xm not a hybrid offspring of natural physical and 
‘unnatural spiritual parents A frank appraisal of aur own 
‘experiences at free from dogma. prejudice, and precoscep- 
tion as posible clearly indicates that the normal human 
[perton iss biological unit. He Lives one life, not two or three 
‘or bine lke the traditions) abiey cat. The resolution of oor 
dilemma, thea, must be sooght within this unitary penon- 
ality, 

Since the human body is obvioualy a mechanimn, the sim- 
plex solution of our problem wou!d seem to be to grant that 
all chat it experiences and all that it does are products of the 
‘operation of this organic machinery. This lads to a radically 
mechanistic formulation of all biological and peychological 
phenomena. 

‘The oppettion 10 the acceptance of this postion arises 
from a faulty conception of what ruechaciem is and how it 
works, Narrowminded mechanistic biologists and prycholo- 
Sats ae lasgely responsible for the disfavor that current acieo- 
Ufc solutions of humanistic probleme meets amipog brumanists 
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and for che xccumtion of defeatism which bat been—quite 

junifiably-charged again chem. OversimpliGcation of a 
jroblem by ignoring the toubieaome factor will never take 
‘4 toward its solution, 

‘What are machines, and what do they do? They make 
things; they ate constructive agencies. They do not make 
things oot of nothing or perio any other miracles, A hydro- 
elect generator trapadoes the energy of falling water into 
ectrlal current, 1 does it sutomatially, and it does Ht ec- 
tively. So every natural techaniam, Uke a river sem, em- 
ploye nararal agencies to do its own work in transforming 
the face oft continent. It, too, is xutomatle and sel regulat- 
ing, Becavee it does this in an orderly way in sccomtapce 
‘with matural lawa like our artifcial machines, we cal itt 2c- 
tion mechanistic. The ume i true of the body of an oxk- 
fet or w man. This means chat all Nature it mechanic. 
‘Living things are mechanistic, with selisegulating apperatus 
wove highly elaborated than in any ioonganic mechenieas, 
inclading capackry for groweh, repair of injury. and repro 
oon. The human pernon it mechanistic on 4 ail higher 
Plane of self-control and self-divectio, including both n- 
‘onseions end consrious control, 

Some machines run blindly. The buman mecuniam docs 
not, for T have some avarencs of what is gping an, some 
thoughes about i, and ome foeling of ettlaction or objec 
{don to it, This comcious experience is as truly 2 product o€ 
the operation af the organic touchinery au is muscular move- 
ment, and it is an tray a factor in the casa complex ronult- 
ing in some particular behavior. 

‘One of the most amazing scieutiSec aberrations of recent 
time i the growth of a cole of peychologics who are 10 
impremed by the futilicy of tradicional spiitistic explana 
‘ions of meal procemes and yet so completely dominated 
bby dat mime traditional view of mind at x ghoet that they 
refuse to accredit to their own mental experiences any alg. 
nificant nile in shaping the course of conduct. They leave 
mentality out of their nature) em of bebevlor because 
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they find the outwoen dogmas about it uninteligible and 
ncoarenient. 

‘These ment, induding the emotiooal, exercises of our 
‘weains are the row: rigniicant things that we do; they control 
he coune of hummn erent they have produced modema 
scientific control of Nature, as well as selfcemtrol and self: 
csalture. The human brain i the ongan of civilimtion. 

‘These are products of mechanism as truly ax the electric 
‘current isa product of 2 mechanical generator. The Natural 
(Order ia big enough to include human nature and el) haman 
achievement. Creative evolution is x natural proces through 
out. This ishow Nature sod buman nature look to a natural 
ite who is radical merhaniae. 

"This view broadens the concept of mechanism vo ioclude 
all natoral mechanisms renuling from evolutionary develop 
‘ment. The chiel objection to iu accepeance i the Dealtation to 
apply It to the higher products of human thought and emo 
‘oa resulting from conscious reflection. “This "‘nubjective” 
realm of peyehle operation sera too remote from any nito- 
hrysiological basi 10 be wo tacluded. Moreover, souve aspects 
of subjectivity, much ax the intrusion of human wishes, the 
development of beliets misfying to a human, an anthropo- 
centric coocept of the nature af the universe incindiog man's 
place in it, have often led to disirtion of true scientific 
‘procedure, which aims uo reveal a universe as it i, regardeat 
cof human Jongings and aupirationa Yet thear longings and 
aspications are natural phenomena in their own right. The 
nnakuralist must rerognize bis ewa “personal equation,” and 
having dooe 10, his own ioterests and values may themselves 
‘be wubjectnd to scientific ty. 

‘What Campion cals “the errorful mubjectivity of bumman 
koowledge” mum never be Jor sight of in scientific work, 
and powhere ia this caution mote apposite chan in the eld 
‘of neurology. He goes on to say that concepe that expres 
our accumulated experience of Nature “provide by thelr 
‘very mubjeccivty the meana of explaicing the whole univerié 
of buman error, human illusion. and human slfdeocpeioa.” 
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Subjectivity itself is and always has been the greatest punle 
cf both science and philosophy. and until recent times a 
‘tientific approach to this question has been hindered, if not 
hwaned, by metaphysical preconceptions. 

tin only in recent decades that sufGcient factual ‘nove 
edge has been available ta justity the hope of a scienti6e. 
‘approach to the prablem of nubjectviey, and the prevalence 
of the older traditions is mill an impediment to progress 
Experially in neurology, paychology, and paychistry exysical 
Gisembodicd functions are invaked at if they were causal 
agencies in the con:rol af behavior. Or else, in violent re 
ction against this modern demonolatry, subjectivity is rated 
‘out of the picture eatirely as an irrelevant epiphenomcnon. 
‘This myserious subjectivity is so retzactory to scientibic 
analysis that ie as seemed tar simpler to Jewve it out of 
scout. The sientiic tradition, accordingly. cocplacently 

the dogma derived from an ancient metaphysics and, 
‘theology that the subjective pereains to a spiritual realm thax 
in dinmociated front the watld of objective experience which 
ia the proper Seld of natural science. 

‘Thee are quotions of fact, and the trath about them can 
{be found oaly by critical arudy of our experiences with them. 
"Thia experience indicates very clearly that our bodies are 
the ineruments of our feeling and thicking just as they are 
‘of the other things that we do. In short, the ancient riddle 
of the relations between mind end body is a neuroiogical, 
‘oot x metaphyiical problem. Three thowand yearn of 
dialectic bused oa a prion postulates have contributed Lite 
of value toward its solution. ‘The fundamental error here lies 
in failure to recognize that the distinction between the sub- 
jective and the objective in naive experience is pot primary. 
‘When the whole of experience is surveyed, they are found 
to be indiwociable: they knit into a unitary vital proces fraan 
Which they cannot be tom without wrecking the fabric inta 
which they are woven. 

‘The nervous organs as tbe apparacut by which al! experi 
ence is imegrated and inuerpeeted beve Bema wisomocived 
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and will continue to prevent irresolvable puzics a8 oo 28 
‘ancient mythologies or theic modern ofipring warp our 
Judgment in atcerupting an appraial of the meaning of what 
‘clensfic research bas brought to light. Preconceptions which 
inject myttical or unnatural agencies into the lnterpretatica, 
of these phenomena have been the fountaiohead of eure 
vo fundamental as to block progress fo many departments of 
nensology and of all other sciences that in any way depeod 
con a mieotifc grasp of che apparatus of congo! of human 
experience and conduct. 
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THE PROCESSION OF CIVILIZATION 


By James Harvey Robinson 
MONG MAN'S ERRORS the mot stubborn and all: 
‘pervading have been thote in regant to Rimwelf, And 
‘no wandee! So long as he was ignorant of his origin and 
nature, be could offer only taythical explanations of his 
deeper perplexitles. The wory of error is bound to remain 
epivodal and mpserious unteas it ia placed in the setting 
pf human history as a whole—a tale that had not even been 
skeched a bundred years ago. Until this was done, man's 
Fumblings, achievements, and potentialities eluded scientific 
investigation. The history of the human race is now die 
‘covered to consticste the chief explanation of errom and 
‘of the efforts to avercorae them. It is my purpose here to 
recall the general views of mankind formerly socepted in our 
‘Water world and to poiot oot the fundamental revision 
‘Of these older notions in reqard to man's “mind,” “reason,” 
and “progress” that seems to be demanded by the recently 
acquired imowledge of his career. The present cansiders- 
dons will be focused pon man and the sciences dealing 
with the tuman estate, 

Tt scex safe to amume in the light of anthropological 
data that men were want, long before they Jefe any ceoont 
of their thought, to ease theit bewilderment in regard to 
Shemscives and dheir envienment by invaking mythe fo. 
sient xd coublacme quettions in stort, were anrwered 
by fascinating authotitative aorics peculiar to exch people 
‘or common to many. The fact that che ancieat Egyptians 
Babylonians, Grecka, and Romans reached a high degree of 
civilization and sophistication did wot preclude the perpetur 
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svloa of precious myths interwoven into their history. 80 
4 is mot at all rurprising that the former beliefs in regard. 
to man’s arigin and narare accxpted in Europe aker the 
‘break-up of the Reman Empire ahould be based on a mythi- 
cal explanation of man's beginnings. The Cristian religion 
relied opon its Hebrew amecedents, including the tradition 
‘of the Garden of Eden. The Church taught that the Gre 
Thuan pair had been created with immortal souls out of 
Ihand by God, able from the Eret to talk and tend the lovely 
arden in which they were placed. The whole universe vas 
<cvised for their delectation~wum, moan, aod “the tay so," 
‘Adam apd Eve found their moral responsibilities toa heavy, 
Yielded to temptation, and were caxt out into 2 wotld cursed 
‘on account of theit sin. Upon their primal disobedience 
he Christian missionary Paul of Tarvas erected a terrifying 
theological seracture of sin and salvation, This was further 
elaborated by Augustine for the Church at large and later 
recommended to the Protestants with ferocious conviction 
‘by Galvin. Philesopbers busied themsclves with extn's mid 
‘or reason, the counterpart ofthe theological “soul.” ‘This was 
amumed to be an exclusively oman potsesion which was 
se characteristic of man as 2 trunk is of an elephant, Mind 
‘wus defined by John Stuart Mill as “the mymerious some 
thing which feels and thinks” Animals were guided by 
instinct, but man by something far nobler, reason. To the 
eaercite of his practical reason al} human achievements 
could be axribed, to chat of his speculative rexton the 
detection of profound trutha. —* 

‘The discovery that were qan's ancestry traced back far 
enough, it would be found to merge ioxo that of a species 
of wild animal, could not but invalidate or profundly 
ftamaform the older notions of his nature and career. $0 
Tecent i this discovery that the recoctraction thet it ime 
plies is by no means complete—indeed may hardly be more 
than in ita beginnings, Darwin's Descent of Men appeared 
{in 187s, so that many living men of ience, including can- 
tributors to thia volume, have been able ta follow the sages 
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of acreptance of his most momentous revision of human 
history. The evidence that Darwin presented as the out- 
come of years of study seemed to prove that the human race 
ia but one of the resulis of the whole process of organic 
‘evolution teaching bark through geologic agea to the origins 
cof life on out earth. Morcover, the human ypecia is io body 
and phytiological functions 10 Like the large apes and 
monkeys that sodlogists have no hesitation in assigning man 
to the group of mumeuls called primates. Of these he 
represents one of some six hundred terminal twigs (species) 
will existing on the farcity cree. Those who aooept the con- 
clusion that man not only resembles ia some respects the 
higher animals but is inescapably an animal whose ancestry 
merges into that of the verebrates ic general—is, in sbort, 
an exanimal-can afford to rule out a good many ancient 
quandiries based upon misapprehensions; but they find 
themselves faced with a new set of problect which have to be 
met in terms of the new knowledge of can’t past. 

‘OF these new problems the most central is that of the 
origin and growth of all those buman achievements which 
dave 10 long divgulted the fact that mankind is x species 
‘of animal which once lived at a wild, aaked, speeches crea- 
‘tre with no more traits of civitintion or culture than a 
chimpansee or 1 brown bear. Wheoce came all the arta, 
knowledge, and high ideals which seem to set im so fat 
above the dumb beasts over which he exercises doeainion? 
‘What was his toble mind doing in his primitive estate? 
How wat “reason” deploying inelf wheo he vas giad 10 
come upon fruit and succulent root or cluster with bis 
fellows around a dead deer to be devouted raw withoot 
even a fagged bit of fint to hack it to pieces? For the ac- 
‘eeptance of our anion! extraction forces us beck to this 
squalid coodition as the terminus « quo of human achiewe- 
‘ment. 

HE mankind ia a epecies of anicaal derived from ail! lower 
species, our conceptions of human development, inclading 
mind and reason, ssust of necosity be brought into retation 
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swith what we now know of man's animat anccetry and afini- 
tea. ttis profitable to make here a few suggestions in regard. 
1 the wayu in which the problem is being approached. 

‘Theologians and philosophen—profeaiooal hard thinker 
ha haye described moat eomEdently the ways of God to 
‘oun have rarely devoted much careful attention to what 
are called "the works of God." These are muhtiform beyood 
the comprebension of any buman being. Only through elab- 
orate colperation of many observers through centuries have 
living crescures been fairly cluifed and named. ‘There 
are thousands of species of animals and plants whose forms 
and actions can be described only by means of microscopes 
‘which exhibit them five hundred, 2 thousand, o two thou- 
sand times a8 broad aa they would appear to man's unaided. 
‘eye. ‘Then in. public aquaria bigger creatures may be ob- 
served, bewildering in variety, who live in water and nuc- 
enfully propagste their kind from generation to generz- 
fon. The sail, the woods, and prairies are inhabited by 
bbundreds of thousands of Kinds of Liviog things, exch kind 
surviving in term of its particular equipment for mating 
‘a ving and warting a new generation. Paleontologits Gnd 
that great cumber of spccics und genera have low oat: they 
once Bourisbed but filed co meet new conditions. The 
‘gacctal ginko wee, for insuance, reminds us of many allied 
species which no looger exist, 

(Of all the roanifold aod multiiorm creatures oo the curt, 
cone only, a specics of primate, wat 40 constituted that it 
‘was able 10 incoduce something pew in the ancient gute 
of getting = livieg and wanting » freab generation. Tt wat 
410 made chat ander frrorable condition members of 
‘group thight adopt a erick whlch one of thelr number bad 
Iuppened upon. For cample, an enterprising fumbler 
might find himsel improving « sharp fragment of Sint by 
chipping its edges with a convenient roundish wone used 
‘axa bammet. it might bappen that some of the group were 
‘not eo inert and anobeervant as to fil to eee through the 
process. The example once set might be followed and be 
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come s0 commen that the chikiren would acquire the art 
and tranmmit it to their children. This would be an element 
in a new type of heritage peculiar to the species of pelmates 
to which we belong, Like all other living crearures, we Ine 
‘our animal heritage. our particular bodily form and fume- 
tioaing, but in addition we have what Graham Walls cals 
2 “social heritage.” now so vast and varied that no single 
enon can comprehend or maxer ic. This social Beritage, 
‘which is sometimes called civteation, sometimes culture, 
ian auperndded to saae's animal cquipanent. We are not 
‘bom with it but into ie It ls our menamade artical en- 
vironment. 

‘There is no satisfactory evidence that 1 single cement of 
ivitingtion can be tramwoltted hereditarily—can get into the 
‘Wood, as the expremion goes. If this is 60, every human 
child is bora absolutely uncivilized but usually qualied 
10 adjust itselé to any culture in which it finds itself, whecher 
thax oF & prosperous New York family of of x eal ibe 
fof Papuans soch as Margaret Mead has to carefully de- 
veribed. ‘The animal mont neatly resembling man ia bit 
‘oukewup and possibilities eeza ta be the chimpanzee, With 
‘arcful teaining he takes Rcdly to bicyeles nd roller ates, 
an light w cigarette and smoke it; but she three R's seen 
tw be entirely and forever beyond his reach. 

‘We have veen tbat before the discovery of man's anicaal 
anceary, i¢ was aarumest that bia auperiotity over all other 
creatures was dve (0 his unique pomesioa from tbe frit 
of 1 mind aod his we of it in discovering trath, through 
reason. Our thoughthul predecesors were ill under the 
influence of the ancient idea of epirite of one Kind and 
fanother~agents to which a great variety of acs were ascribed, 
con the ground that if something wat dote, someone tut 
do it, Among the successors of primitive spirits was mind. 
‘This is dear in French, for Fesprit humain means “ind.” 
One may may paradoxically that the latest development of 
mind is the denial of it own exintence. This is a phase 
‘of recent criticiam which suggests the coodemtation of a 
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amber of decayed old words us public nuisances. Not only 
sind, but consciousnesr, will, emotion, memory, sensation, 
fre now viewed as activitics or procenes rather than active 
ages, “All much couns are properly verbs or adverbs.” 
Profesor Woodworth wams uz He rightly mys that “we 
forget that our nouns are merely subetinutes for verbs, snd 
‘0 bunting for the things denoted by the nouns: but there 
sae no such things: there are only the activities that we 
seaned with." “This seems to the writer # mom imponant 
modern discovery. One who accepts it is exonerated from 
‘acing the hiuory of a mythical agent formerly known 28 
‘the buman mind: bur quite 2x dificult a tuk remains in 
explaining the arigin and development of those activities 
wecmiogly peculiar to mankind which led to the former 
ammumption that be kad  raind. 

“The human species very closely resembles in bodily form 
tnd physiological functioning its nearest relatives, but it 
shay, at has been pointed ou, accomplished things altogether 
‘uaprecedenced in the whole anienal workd. The peculiarities 
cof eaunkind are not, taxonomically, very striking: bot while 
they uppear to have been “marginal,” they were just aull- 
ent tg make pauible, when given time enovgh—several 
Ihupdred thowands of yearrand leeway for innumerable 
experiments, failures, and lapeet, the altogether astounding 
emul we see on every band. Perhaps the most obvious 
advansage man had over anthropold apes yeas bis ability 
to walk securely oa bis hiod legg: this let his finely formed 
sensitive hands free to feel, fuss and fumble. Aristotle, T 
‘believe, ranked touch as our matt important resource: cer 
‘tainly by touching and feeling many important things can 
‘be learned pot revealed by sight or bearing, Man's central 
‘pervous system seth its intricate cerebeal contex is alwayt 
awigned a decisive rOle in human achievement. It work: 
Ings are, however, will obrure and sabjecr to widely di 
vergent conjectures. It is cerainly dangetouily unctiticd 
merely to substitute Grein for mind, us is soretimes care- 
Jemly dove. It took the whole human organism to initiate 
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1a social heritage and 10 scoumulate civilization. It is safe 
to guest that had horses brains Eke human beings they 
would never torn into Houyhahnms, for their hoofs are 
rude explorers when compared with hands. 

Relore the discovery of man's animal descent, his mind 
‘was ct off sharply froea his body wad conceived ma 8 sett 
of jarmaterial spirit which eoowolled and guided dhe mate 
ria] body. Philosophers did chet best to attenuate the my 
tary of chia fandamental duahem. Now the ineman body 
seems to have a history reaching back 10 the beginning 
‘of life on our earth, while the huesan mind, ax we know it, 
socms a very recent eTuergence of previously unsuspected 
potentialives of our ancient and altogether marvelous of 
@anim, We are faced by a new dualism, that of bodily 
‘8 over againut._mental (or mind) processes physiological 
activities at contrasted with paychological. God forbid that 
we mere hucorvaal audent should venture on the treacherout 
‘bogs actous which comparative peycbologisss and experi- 
ment peychologuts and analytical prychologats, and even 
bold biologie and phyticlogits, are striving ta eotstruct 
reliable trad, 1 mean 29 mote than that this is proving 
a very bard yob; but there ia cow far more hope of reaching 
some generally acceptable “analysis of mind," a Bertrand 
Romell calls the eoterptise, than on the old hypothesis that 
rind ws an immuaterial spirit vojouroing in a mortal body. 

Some yours ago, es x student of history, 1 wrote about 
‘Mind an the Making in 2 mood of what { hoped wat judicious 
[geoeaines. Since the book appeared, a number of at 
empls to review the ups and downs of civilization have 
‘been coming outs and gradually we may get clearer notions 
fof what those processes ebraced in the exprenion “human 
thinkiog” have ectully done. The bistorian’s yardauck for 
mearuring mind is pat kuman achievement as be fiods it 
recorded. A comprehensive sketch oF human accompiid- 
ment Bairly up to date ix, ler us s2y, the las exiion of the 
Encyclopedia Britannice, which in rwentpfoor volumes, 
‘with delightfa! pictures, gives 2 brief acconst of man's 
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present varied ar, Koowledge, instinitioos, and past experi- 
‘ences, At the end of the articles there ls often bibliography 
to war the reader that there was sauce only to tell a very 
ule about the subject ia hand: often there tte no more 
‘than hints concerning vaet Beldi of scientific Savestpation— 
autronomy, chemiazy, php, geology, anatomy, hinoty, 
and 10 on. Compare this or any other excelleot current 
encyclopedia with, let us my, that compiled by Pliny the 
Elder as the result of a sedulous examination of che Grech 
and Roman sources af information available some nineteen 
hundred years ago—just a little way back in the history of 
he bunaan species. How could socalled mind in his day 
‘ary on thioking in the terms of preseot knowledge and 
available instruments of investigation. to may nothing of 
ae jocote discredit into which s0 many of the worthy Pliny's 
feclecan reports have fallen? 

‘So it seeca apparcat that thote wpecfically human activi- 
tics which we cal mental and rational, previously regarded 
4 manifestations of wind or reason, have varied mightily 
in nature, scope, and intensity ducing muan's existence. In 
the beginning there was no more than what is now studied 
under the caption of “animal intelligence” and “wisdom 
of the body," very marvelous indeed and vill i-understood, 
always ezsentia! to our survital and probably deeply affect. 
ing our mental operations. 

Ic should be the busines of che everincreasing exper: 
nents in the history of civilization to trace the process of 
civilization in ita xugmentations and diminutions, of which 
there are many sriking examples in the recorded past of 
‘our rice. But our knowledge of these fluctuations is often 
scanty, and any analytis of the elements involved is neces 
sarily conjectural-as, for instance, the reasons why the 
Greeks developed the clviliztion they did at the time they 
id, nod che circumstances that brought this development 
(oa seeming standstill. The older explanation based on the 
‘amumption that the Greeks pouened innately exceptionally 
fGne minda and were an ionance of a sort of mutation, a 








THE FROCESSION OF CIVILIZATION #79 
Galton seems to bave believed, makes little appeal to anthro 
pologise and hristarians today. Franz Boes and Pan! Radin 
find litle evidence dat there ix any marked inherent in- 
feriorty of mental abiliry among so-called primitive peoples 
aa contrasted with those Living in a more elabarate civilim- 
tion, and they believe that wondering and philosophic spitiss 
‘always very rare—may be discovered among the savage and 
the harbaroos. If in human groops there are always potential 
discoverers and inventors with a chance of creative achieve: 
‘ments, the character and extent of their operations depend 
‘an the accumulations of the past upon which they can 
build. The lasting results of their onginal contribution! 
depend upon che readinew of their fellows to appreciate 
ad perpetuate their Endings, from generation to gencation. 

‘Not unl the last three or four hundred years has the 
‘accumulation of civilimtion been auficieotly rapid and 
spectacular in our Western world to beget the idea of un- 
Limited advances in knowledge and its application to man’s 
convenience. Previously, the appeal to the wfcieot aod c+ 
‘tabluhed was wellnigh oomipotent und freely exploited by 
lames with vested interests, While the conception of “prog: 
ew" appear in the works of Roger Bacon, its modern her- 
ald was Fomcis Bacon (1961-1606), wha oquently se 
forth the measures for correcting old errors and augmenting 
information and insight. 1 & pethaps safe to sy that the 
existence of slavery among the Greeks served to discredic 
‘mechanical inventions aod cxale purely intellectual fexts 
‘On the otber hand, the modern developments of machioety, 
mechanical devices, and xientiic instroments, particularly 
aicrescopes, telescopes, and spectrascopes, have catried 
‘naman knowledge and wpeculation into wholly new realms 
and revolutionized all the old conceptions of living crear 
‘tures, and nltimately of matter itelf 

‘Any number of examples could be given of diwovetica 
‘that have in modera times deeply influenced mental opere- 
sons and anmbitions. Contrast, for iosance, Franklin's think- 
ing about electriciry, when in 1952 be seat up bis little 
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kite to we if Tightning wos an electric apa like that which 
sight be bad from the recently invented Leyden jar, with 
the kind of thinking Pupin and Edis were able to carry 
con in which they could utilize a vast amount of accumulated 
{information end all sorm of ingenious devices undreamed of 
in Franklin's day. Consider the point of departure for the 
experiments of Harvey at over against those of Walter By 
Cannon. A busdred years ago the cell kad bot been dis- 
covered to be the unit of organic lite; now ehinking abot 
cells in various new ways is the ambition of hundreds of 
Tioloyical laboratories and the theme of numberiew 
treaties 
‘There seems at present to be bo term set for the accumu 
lation, clarifcation, aod application of knowledge to the 
relief of man's extate, or 10 ew ways of thinking about 
‘mankind and his wurroundings Ove somewhat familiar 
‘with man's mental hiscory ia icopressed with the fact that 
he has not until recently been interested in true and false 
snatements about objective farts. He was preoccupied, as he 
sxill is, with safe and dangerous, familiar and strange, nice 
‘and nasty, good and bad, belies. We know now that notions 
sequired in ehildbood, aaa renuit of the talk that 
Irear going an about them are apt to enjoy what has been 
called an priori certitude, which ionures their persistence 
rough life, Ie ie not tard to fiod iltuwrations of chit 
amouy profesional critical thicker, whose mature spect 
[ations are obviously influenced by childish preconceptions, 
‘Among the prime sourrss of error are words, which are 
now being examined with uoprecedented suspicion. Man 
‘has for many thousands of years believed in spirits; his 
Jengoge is pemened wth annie expenlons wiih 
at be & potrot factor in infuencing bis thought, 
(a kn boon ld be Ben been meh cveerd wed 
weientiic truth aod error, and 20 his ways of expresing 
Nima ae dsp oct desrpion and dino 
‘most people mow of the time are sadly bored 
ft accuracy. In vheiz ingenious work, The 
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Meaning of Meening, Ogden and Richards have made 4 
mont ifluminating collection of bad waye of saying things 
‘of which aupposedly careful chinkers have been guilty. Our 
speech is full of anachronise recalling ancient minpere- 
Theraiona of al kinds. So one of the tubs that i Urupated 
‘upon us by the increase of knowledge and the contequent 
revidan of old ways of thinking ia further ody and investi 
gation not only of these faults of language, bat of how 
they have influenced and continue to influence even scien 
‘Ge thinking. We must devise better and better ways of 
talking about things as they now appear to us; for thinking 
and language are inextricably interwoven and interdepend- 
‘ent, and both must be coaseantly cooidered in any attempt 
to ilfuserate the story of error. 


Section 1V 
THE HUMAN REALM 


Inrronucrory Norz on THR 

Screxcz oF Man 

By Joseph Jastrow 
TTP ADAGE ar “the proper sey of sacking is ran,” 

‘ther barren in (te ordinary connotation, it readily 

infured with emeaning under the illursination of anki 
pasunknown to Pope's geacratioa. This interpretation, 
stives the humanities the central place in the temple of 
Yearning, with vnhropology the Ley science 0 the group 
cof disciplines and incereats recognized in the present volume 
ty ia division into dhe two parts, “World” and “Man.” By 
remat of its unique place io che league of wcicoces, the 
approach to anthropology calls for specia} considerstion. 
Such a hybrid term as “bumanology” would be useful 
1 designate the larger beings of the koowledge of man- 
ind. This broader concept ould not be lox sight of in 
the special researches of the anthropologist, to which, in 
keeping with the present project, the chapter to follow ie 
devoted, 
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called the “cultural eampulaive."* ‘The phrase expremes the 
Gisiculey in eadying the ways of een with the ebjectivity 
that is readily arcined with respect wo the world, to the 
ways of Nature. ‘The allegiance to our own wandards 
forms an ever-present and manyaided source of error when 
the student and the specimen are equally product of 
mankind. 

Ue ia indeed remarkable that the wast eoguging of all 
sories—chat of to's pax, bis place in Nature, his various 
dleaigns for Tiving-sbould fave been but eputscly comsid- 
cred it may be accounted for by che constant and active 
cance of human energics with dominion, The growth of 
scieoce in the seventoentb and eighteenth centricy, which 
‘were tho politically alert, formed « foundation for the 
‘movement that was to bury: into fuller lower later an. The 
vemse of the significance of man's place in Natore had 10 
avait the iculation and direction of the principles of 
evolution; the aftermath of Durwio created anthropology. 
Jes development was necewsrly dependent upon advances 
im che collateral sciences; to aatign man’s aoblogical place 
‘was of frat consequence. 

‘Ta set io proper perspective the story of saan there had 
to be established his great antiquity und the long epochs 
‘of primitive condition. Reaching far back of binoric record 
stretches a vast prehistory which corcelates obscurely with 
arologic time. When remains of extinct animals were found 
in undirturbed sites aociated with wove impleeneca shaped 
‘by men, the evidence became conclusive. To recoguize 
crodely faked and chipped stones celts and hammen-for 
Jeng defined as “cbunderssoes”—es products of human 
workmanship vas iuelf a “dixcavery.” The perspective of 
bbuman conipation wat momentously exteoded, 

[Bur akeptician, at always, died bard. Cuvier (2769-1852), 
the father of the science of comparative anatomy, had denied 
the presence of man in ausoeiation with the mammoth, and 
for mort of the ninewenth oentury there were plenty of 
YF Cr, 168 
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tuobelievers in the plain evidence of steletal and anifact 
remains In 1845 were discovered the mout famous examples 
of prehisoric are—the bison, asrmzaoth, end other extinct 
Sores to vividly parzayed in polychoume on the ceiling of 
the cave of Altamira in the Spanish Pyrenees, now a show: 
place where the fortunate visitor gates with a sense of kit 
ship at the work of the cxrlien of aren, Bull, che authentic 
character of theve recuckably well-preserved pictures wea 
quentioned; they were mupected of being Eundulenty pro- 
duced, until skmilar drawings on other caves (La Moutbe, 
1894, ond ether vies ia the Dotdogae), undisparably dated, 
‘established them as the work of a gifted prehistoric race, 10 
which the name Cro-Magnon was given. 

Until our own and the preceding generation the atea- 
too of all hot a few scholars wai confined to the nearer 
biorical epochs and iguored the far larger pars of gen- 
rations that Lived ia primitive and prehinaric times, Now 
anthropological waa has been added to histordeat man. With 
the mpidd accumulation of relics of exrly man in all por. 
ana of the globe, which today fill scores of froportant 
museums, not acholare alone but the educated public gea- 
erally command a picture of human xntiquity, buman di- 
versity, hotama inventiveness, end taman peythology of 
hitherto inaaspected dimessions. The picuure is not only 
Tich fo detail, overwhelming in its soa of evidence of 
pprebisioric man, hut through the labors af x growing num- 
ber of specialints—today enrolicd ms anthropologian—hus be- 
‘come consistent in perspective and vitally significant for 
the undentanding of the procenes of buman culture. All 
the views of the sary of man previous to chis enlightenment 
‘may be regarded ae variously sed toaskedly esremeous. An- 
Ltopolog muna asthe correction of ret longenduring 


TT place toa ino correct biologi pempsve (armed, 
‘one great tatk of anchropology. The other apd far mare com 
prehenuive undertaking was the esablishment of the per- 
spective of omen culture, The past wat but incompletely 
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interred with dhe bones and artifocs of extly man; it lived 
‘on in “fouil” wager of development among primitive peo- 
loa The cooception that the study of peoples living in 
[primitive conditions would supply the data of our cultaral 
ancestry was a forther momentous discovery, Those liviog 
survivors of our remate precunom became authenti. docu: 
ments of anthropology, 

‘The Temaniaus were studied xnd described try nine- 
teenth-eentury anthropologists as people will living in the 
Paleolithic cultureepoch, the Old Stone Age. The veran 
“oulture” came to mean the total status of w group in terms 
fof their design for Living, The daca of such observations, 
like the enllections of objects and photography ilfuerating 
tribal culture that accompanied them, came to be ayitems- 
ized under distinctive headings Fitet and foremowt was die 
social organimtion--tbe marriage relation, the family, lines 
cof decent, cute, propery rights, and the relations of abe 
sexes, Language. religion, art, medicine, magic, inventions, 
indouries, wader, profesiony, warfare, ceremonies all yielded 
their quota to the total concept of primitive life abd priani- 
tive mentality, of which the objects duplayed in museum 
‘ates were but the visible, eangible embodiments 

‘There thus entered the intellectual horizon the ferble 
Idea of evolntion-of developmencal stages through which 
the human mind and its intellectual, moral, and social «xo 
Tbodiments in mores and inwitusions proceeded to their 
prevent esta, Darwinian evolution created a ferment i al) 
phases of biological thoughts it eyed up interest and, like 
‘every new instrument of interpretation, opened new hori- 
zou Fertile as was the principle of evolution within its 
[proper domain, ir some of its applications, it introduced 
ew error. 

In the fervor of acceptance ofthe evolationary creed there 
‘wat 4 confusion between Biological evolutloa, operating 
under Nature's forces, and successive stages of sociclogical 
developement, deveined by the complexities of human pey- 
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chology combined with cizxcumstmnee. Gulten! stages show 
‘change und progres. Tc was, however, a very dubious infer- 
ence that these could be set in an orderly series paralleling 
steps in biological evolution. A brisk and lengthy controvery 
rose in regard to mariage: how monogamy developed, 
‘whether it pomesied analogies wong the lifehabit of an- 
‘duopoid apex, whether the course of social growth was from 
promiscuity to polygamy to monogamy, bow incest taboos 
froge, how exogamy and endogacoy; whether there were 
suttiarchal ax well as patriarchal orders of society, how 
canes and tribal exparuion arose from family Li 

fon indefinitely. ‘The diversticn of vocial practice could 
Ihutdly be Gtted ioto « single evolutionary patter. Thus, 
again, errors had slowly to be corrected, and anthropology 
‘waa called upon to supply the aptecedents and early parallels 
‘of what was to become the acience of sociology. 

‘The concept of more, or cultura) expresiions, hax be- 
come the center of active study. ‘Toe traditions! view of 
the social contrasts gave us such lore terme x “savage” 
and “barbarian” and, in discussions of their religious rites, 
1s “heathen” and “idol"--again refecsions of w culuural com- 
pabive applied to customs wholly out of range of the ideas 
and practices of peoples of the moder, particularly the 
‘Western, sophisticated world. The problem of cultural an- 
thropology was to remove thee crude, vague, und talely 
focused concepts and build up in their place an intelligeot 
interpretation of the ways of peimitive men and mind. It is 
‘of interest to note that in contrast to the prevailing aupeti- 
‘rity coroples, which looked down upon “uvage ways as 
lunemeryed degradation (with cannibalism a the extreme 
( offeativenes), there was an oocwicnal cooception of the 
“noble eavage,” popularized by Rousseau (1720-1778) a5 the 
smbodiment of virtues lost in the fierce stroggle of civilim- 
tHon-a doctrine reBected from the then current beliet io & 
Jont Parade, 

Pervading the mam snd maze of custom under the reay 
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‘ofa prionitive mentality and x prlastive social structure ate 
cerain habits and aftirndes that consents a primitive poy 
chology, There has thus arian a distinctive sector of enltural 
peycholoyy which shape the entire modern view of human 
nature aod miod in the making. Wichin this frame certain, 
concepts emerge of wide bearing, auch w totemisea and 
‘taboo, animian and "peychic perticiparion,” magical ind 
cence, and pympathetic magic. AL of these prirltive habitr 
and attimdes worvive and among more advanced people: 
ave ranked as superttitions, 

One wchool of prychologits, the Preudians, find in these 
ancleot cultural producu the patterns of peychic conflicts 
{in out sophisticated personalities: in their view. myth, «ym 
‘bolimm, primitive payehic residues generally, form an archaic 
level of operttion sill explicitly inftaentia) in our peycbic 
de, 

‘The scope in all its glory—to our thinking, of glorious 
error—of the primitive mind was comveyot ia the damic 
work of Sir James Frazer, The Golden Bough, which bey 
with to volumes and required ten more in succomive edi- 
tions to bring it to completion. its theme is “the gradual 
evolution of human thooght from savagery to civilization.” 
Tia focus withia that comprebenshve orbit ia the myzhical- 
‘magicalzeligioas pattem that pervades the products of bellet 
site and custom—in endlos divenity of expresion but 
‘4 common exprit of taotive and solution of the meaning of 
lite, contiouons in the stream of Bltorlal tisve and geo 
‘Sraphical space. The priest as persomal embodiment of the 
‘myndic force, totem for protection, taboo io kvoklance of 
evil, purification for offense, vicarious excrice in the weape- 
oat, omens, portents, propitiation, readings of fates, charms 
aod amtulew, evil eye and witchcraf, fears intense and eata- 
ties no Yeas-all this toeotality which abounds “at a low 
level of social and intelleccual colure” is far more char 
acttrinic of the bumaa pryche io ita otal career than the 
Vnnited areas of comncipation through which we trace the 
ineellecenal history of our own segment of mankind, 1 
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delineates 2 primary and primenal anthropopeycbology, 
‘from which we emerged? 

1 wilt chun be evident that the “anthropalogial” view 
of aman origin, hazn mores, homan mentality, human 
‘ocal forces, haw tremendously enriched the entire group 
of humanixtic sciences, contributing 2 new insight, a new 
dimension to our uodenanding, wa in the nearer perspec: 
tive anthropology becomes hisury, 

"The momentous signigcance of racial alliances and an- 
‘ipithies in international affairs, bringing with it problems 
‘of confice and assimilation as well a ideal lostered by 
historical tradition, giver anthropology am added. impor 
tunce, Its counsela would mitigate prejudice and bring tol 
‘erance into deliberations, That man is his owe worst enemy, 
that feuda md wars are caintaloed on differentiations 00 
which anthropology han x decisive voice, sill further en- 
Ihances the value of 2 study whose ramiScations go deep into 
the biological part and extend far toward the adjurments 
cof the present and the shaping of the future. The racial 
problem aloue, in its bearings on bistory and politic, would 
make anthropology the incensely significa mudy of man. 

Zn the techaical sense, modern anthropology arose oaly 
‘when all these streams of knowledge converged upoo man 
a the hasic smdy of mankind. Like all sciences, it had tn 
develop ita techniques, and did so under the warning inf 
nse of ancient errors and the specific impoct of contem- 
porary ealtural compulsives Like all modern sciences, again, 








Cuarren IX 
ERROR IN ANTHROPOLOGY 
By Rolph Linton 


ANTHROPOLOGY shore the common aspiration of all the 
‘ines to consider its mubjectoatter objectively, but it can 
Iardly aztain that ideal. With the Best inzentions it remains 
imponBle 10 view man and his works with the some detache 
tant with which one obverser the geologic stem or the reer 
tions of amare. Digerences between breeds of men are felt t0 
bbe mone important and more significant thaw diferencer betcen 
breads of dagr, To the student of human Behavior, the habits 
and values to whick he har been vowed seem more natural of 
etter than thore of alien groupe, He many learn to avoud the 
sore naive axprewions of this attitede, bu he doer not cape 
tts influence completly, 

With the decline of rupernaturlion and divine senctions the 
ruling claver turned to anthropology to jutity beh 40 the 
“uperiority of their own physical type end institutions, to jotity 
the exploitation of other groups end the rightness of the varas 
(q90-o7, conversely, the necenity of chenging the sates quo in 
Gecordance with dominant social or politcal theories, The de- 
velopment of anthropology it closely related to the cowie of 
modern European events. Social and feiitical foctort only se: 
smotaly connected with the adeence of science have determined 
lie trends ar much or have gennine advancrs in acentfc know 
deg. uropean ethnocentria ran through ia history in a com 
tinued thread. Had enchropology deoeloped in another culture or 
‘wader diferent Kstoris conditions, it might well havs encour 
‘aged other social and poktical implications. 

in term of itr major probiems the drcelopment of anthro 
ology foltoas that ofits component subdivisions: the two great 
compretensioe departments so distinc im Procedure and purtuit 
st to constitute cotrdinate acknces, re Physical enthroplegy 

~ 
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and culteral exthropoiogy, Physical eathropology deals vith 
‘mon a av snimal; iu adsonce follows upon the frndings of 
Biology, soSlogy, anstowy and gente Cultural enthropology 
deals with the works of men and his bchaaior ix group, and 
Ue Ge thar casey correlated with sociology and piychalogy i 
fontent, methods, end conerpts.Bacept & 50 ar ou there mary 
be etablhed « rigulfcant corclation between forme of eture 
nd plea pe te to dpm fo wo et 








{CT RE STORY of mans wap of Brag t mest a nets 
‘and adjust to his habitat, ia a continuons tale, from 

the olwcure past of the caveman to eur own complex devigus 
for the same enda The total patterns thus developed com 
tticute the field of cultoral anthropology. Archeology ie 
the term applied to the study of the civitintions of the 
‘past, particularly of those within historic periods which 
have left abundant relics and records and stand in the line 
of ancestry of civiliasoos still extant. ‘The sudy of culcure- 
pattems among living peoples, more particularly thove of 
Jower tevel of cvilinttion down to primitive satut, not of 
Eutopean or coroparsble traditions, ate awigned to ethnol- 
cin its deariptive phase called ethnogrephy. Where 20 
‘written records are available, at for the loog primitive pre. 
fiterate epochs, the antbropologists methods of securing 
data and interpreting them are necesuxrily conditioned by 
sxuch limitations, His purpose, bowever, always goes beyond 
the mere recard of custoens, royth, taditions, inveations 
social organization, and mode of life generally, to an inter- 
prettion of the complex as an ictegrated whole, In this 
[purruit cultural anthropology overiaps and calls upoa the 
ad of sociology and pepcbology. 

eatstcAL oomeTRERETIONE 


‘The several branches of sothsopology exuerged within the 
‘modern period of scientific inverigation. Prectsaocs for each 
branch may be trace in the clawical period, but these be 
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ianings were alight and are litte related to present posi- 
ons. ‘The early and penistent problem was the origin of 
aman and the diversities of rece. Even in clusical times the 
‘origin of man had become 2 matier of religiow dogma 
oF traditional myth, quite regardlen of observable fact. 
‘Thun the brilliant Lneresion (Grae century 2.0), whove 
specolatiogs on the beginnings of caleure came rather clove 
(0 the truth, wrote factastically of man's exigin: “Then cava 
you know did the earth fint give forth maces of moral 
‘men, For much beat and moisture would then abound in 
the fields; then, therefore, whenever 2 suitable spot offered, 
‘wombs would grow attached to the earth by roots; and 
‘when the warmth af the infants, fying the wet and craving, 
the air, had opened these in the fullnem of time, Nature 
‘would tur0 to that spot the pores of the earth and constrain, 
it to Yield from its open veins x liquid most Ike rail, 
To the children the earth would furnish food, the heat 
‘aimee, the grass a bed tich in abundance of voft down"* 
To the wudy and clamification of races the Greeks and 
Romans contributed little. They were not keenly conscious 
of the existence of race, and there was litle to make them 
to. The ancient world was a very small world, mainly popa- 
lated by racially mixed groupt of the mme Cancasic stock. 
‘The clearly obtervable differences in phyical type were 
igh and vot ceaduy associated with differences in trital 
‘or national affiliations or with social status, Thus there 
‘were saany tall blond Gauls, but there were alio some abort 
dark oues, ‘The Roman, whose neighbors were predomi- 
nantly abort and dark, would find among them a sprinkling 
of tall blondu similar to the dominant type In Gaul. A 
‘Roman or a Gaul was characterised by his speech and dress 
more than by his physical cype. The wars were mowtly local, 
and conquerot and cooquered, master and sive, Jooked 
much alike, 

‘The only people of ron Caucasic stock known to the 
Grecha and Romans were the Negroct of the Upper Nile. 
‘Roam, De Rare Mater, ask ¥. 
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“They were too distant to figure lngely in the slavecasthet, 
and the Greek attitude toward these Ethiopitas ws much 
the ame as that toward other foreign groupe. Sull, their 
smatked difference invieed en explanation, which is embodied 
in the legend of Phatson. The black dkin and friry bair 
‘were referred to the ection of the sun. The philosoplert 
‘way have doubted the legend, but they accepted the ex: 
pluation which—a ahot at 2 veoture—came close to the 
mark, as moder knowledge finds 2 relation betwoen pig- 
‘mentation and the actinic rayu of the sun. 

‘With few exceptions, the sense for the pan which fou 
tered the seudy of archanlogy wat unknown to the ancients 
‘An carly Mesopotamian queen, it is truc, preserved in a 
room of her palace icxriptions and bits of statuary 
carthed in laying the foundatioas of the building—which 
opal hobby may bave originated the earlier archeologicas 
‘museum. But tbe common attitude toward the past ia indi- 
cated by the fact that filey centuries ago tomb-rabbing was 
1 oommon and Tucracive vocation in Egypt. Each mccewive 
‘cccupation raked the soil for the mone implememu and 
objects of metal left by the more remote inhabitants, The 
gyptians mined their ancient tombe in search of precious 
‘metals and auable artobjects, while the men of the Iron Age 
assigned magical virtues to the stooe implements of their 
ancestors They believed then w be chunderbolts, x mis- 
ccanception which seema to have spread over the whole of 
the Old World, It stilt survives among European peomnta, 
in China, sud even in Went Afric, where moce celts are 
placed on alams of the Thunder God. 





in the temper of their etady to verify ruck hinorical mate. 
als by actual excavation. So it ix rather wariing, comid- 
ring their remotenes from relic deta, wo find in 
TLucredus 2 relerence to the use of snot, beanie, and tron 
implements in sheir correct chronological ander: “Arms of 
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told were bands, mails and teeth, and stones and bought 
bbroten off from the fore... Afterward the force of irom 
and copper were discovered; and the uae of copper was 


it aeems probable that he was draveing upon tradition «ill 
active enough ta be valid. Both the Eorusans and exzly 
‘Romans were Brooze Age peoples: cheir succesiors. partly 
familiar wich ia, would know that iron was a later intro- 
ucsion. 

‘When expeditions of venture or ttade, and in due course 
colonization, wete undertaken, contribution! to ethoology 
accumulated. Meo were naturally impresed by the strange 
behavior of peoples of other tribes. Amoog the very ancieat 
writen, Herodotus (fifth ccatury 2c) war constantly oocu- 
pied with auch descriptions; for the later period Tacitus’ 
account (Grit century A.) of the ancient Germans is a good 
piece of ethnography: and many a eaveler or historian from 
that day to the advent of the modern era scattered bits of 
sch information through hit works, 

‘The exily writers were inclined to be overcreduloos and 
10 eeaphatize those fearures in which forelge groups differed 
from themselves; yet they approach modern tandards of 
description more closely than do writers of the next thou- 
sand yearethe dark ages of learning generally. Medieval 
Europeans were reared in an atmoephere of miracles; the 
Mterate public had a keen waste for marvels. The favored 
‘tavelert tales of this period include componite beats, ren 
‘with faces in their chest, and similar wonders, Marco Polo, 

ra. 
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‘crudely credulows {n some respesin. wat for the snow part 
‘2 thining exzepelon: his fanciful “marvels” were accepted 
‘without quetion, while his sober apd ncrgeiingly accurate 
account of the China of the late thirernth oentury carpod 
him 2 seputtion as 2 colosal Tia, 

Some clasical writen went beyood description to iouer 
‘pretation, ant by way of che Resaisance their views were 
directly truamitied to modern thought. Plato (fourth cen- 
tury bc), in his speculations upon de uature and origin 
of society, was the fit propounder of ethnological ax well 
as weiological theories. His anabysca were based on Greck 
ocial aysiems, not upon comparative data. He may have 
regarded the study of barbarian ingtivetions as benexth his 
dignity, Yee Plato and his pear forerunner Protagoras roast 
‘be ranked as pioneer cootributors to ethnology and history 

Many 2 Greek city traced its peculiarities of beliet or 
‘custom, of which it was inordinately proud, to some al- 
legedly historic incident usually the mandate of some eatly 
hero, Frequently a god was invoked to lend prestige to 
traditional cerewony. Such legendary explanations were 
ceptable even to fairy critical hiscorians, Plutarch, for exuro- 
ple, seems to have believed that the complex social and 
politial organisation of Sparta originated in the mind of 
LLycurgus and waa imposed by bim upon the Spartan State, 
e-was many ceoturies before this type of error succumbed 
a the concept of societal evolution. 











sours pooaa 

“The meager beginning of anthropology in dauical lore 
‘were completely swept aay during the Middle Ages. ‘The 
Church anticipated modern anthropology in centering ite 
interes ia roan, but in man a recorded in the Scriptures 
‘The Scriptural arcount included rpecific prooouscement 
a to man's origin and place in the universe; in the story 
(of Noab and his wna it offered an explanation of the varie. 
fies of rucen. It catablishen che length of time that man 
Thad been on earth and the reason for his Being bere. Build- 
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lng upon the Scripeates, the Church provided a complete 
set of valucs and a canon for Tiving: in acovedance with 
nese it divided ell caitures into Christian—that is, approved, 
sand proper—and heathen—shat is, disapproved end improper. 
‘All beathen caitures were at best examples of human error, 
‘while ax wort they were device of Satan, devised to beep 
damned souls securely in his net. In either case St wan the 
duty of Christians to deseroy them, not to study them, In 
fact, to woudy any aspect of man oF his works was to reopen 
some question which had already been closed and locked 
with the keys of Seint Peter. The Church saw fraly coo- 
viuoed that i had received the truth through revelation; 
‘upan this truth it had built up a consistent syters, and it 
regarded questioning of ics position in apy respect as 
Deretical, 


‘As the Middle Ages merged into the Rensimance, men 
‘usned their attention Grom the contemplation of dialecticat 
theology to a scady of the tangible world without. As the 
objective attitude grew io importance, it included a clearer 
petapeaive of man himselt. Showy the idea grew that man 
‘was eimply another natural pheoomencn to be studied by 
the methods of science. With this idea estblished, anthro- 
pology in the modern sense was in the making. 

Physical anthropology followed upon the development of 
soblogy and comparative anatomy. As there sciences gained 
‘groubd, the Biblical or other accredited versions of human, 
sand racial origins appeared less and lem satisfactory, though 
it remained for the discovery of the principles of evolution 
to place che entire body of data upon a scientific bad. Abun- 
dant observations proved the close sisilarity of man to the 
other primates. As early as the Renaimnce, progresive 
‘thinkers realize! that man and primatea were cowely Telted. 
In 1489 Leonardo da Vinci made a notation regarding “the 
excription of man. which inelodes much other creatures a5 
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are of most the same species as apes. monkep, and the 
ke.” Thi view was greatly arengthenod when, in the Late 
sixteenth and early seventeenth centaries, Europeans gener- 
ally became familiar with the anthropoid apes. In 1699 Ed- 
‘ward Tyioe, an Engfah anacomis, publisbee an anatomical 
compariaon of 2 monkey. 2 “pigmy” (actually a chiropansce), 
and a man. In this andy the close sroctural sialarity of 
those thtee species was feariemly pointed out, although Tywo0. 
‘drew no conclusions 2 co cheir pomible relatos, Until the 
publication of 's Ongin of Species im 1059, there 
‘were no adequate principles of imterpreation, certainly pone 
oa m naturalistic buss. Ia bia Descent of Men (1871) the doc 
tine of tbe Gevelopenens of our awa specin frees some sob 
Jhuman primave was clearly sated. Darwin's conclusions were 
(hated entirely on comparative anatomy and embryology; 10 
tbusman fouils of the olden periods were then knows, with 
the exception of the Neanderthal specimen of early man, 
‘which Darwin, however, did not use as evidence in bie 


arpument. 

‘The recognition of human volition inangureted u frantic 
search for man’s ancertory, misleadiogly popularized am the 
‘quest for “the miming link” “Though not in the same sense, 
this search silt comtinaes, and with oo fica? conclusion. The 
primate species immediately ancesert to oar ova ail! re 
‘mains to be discovered; eveu the Jocade of Imuen origin i 
still conjectural. Alchough each of the exrly buman or sub- 
Jhuman foails that Lave cone to Yight bus found enthuses 
to support its claims to the ancestral distinction, nooe of 
‘these attributives has been generally accepted. Sicalarly, He 
point xt which the hominoia stem diverged from the other 
lines in primate evolotion is soll a matter of dirpute. An- 
thropoiogiss are confident that man was evolved from eome 
sobluman primate and that be wan oot evolved from aly 
living species; bot farther mzpe toward solving the problem 
cf his arigia must wait upon new fodings in the field of 
paleantology. 
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‘The lack of positive evidence of man's ancestry, combined 
with the uncompromising attitude of the Church on the 
dogma of special cretion, delayed the development of the 
study o€ racial origins until after the study of physical dif 
ferences—tbat it, of race—had got well under way. The con- 
‘cept of race bad taken form at Jeas ftty years before the 
publication of The Origin of Specics—indeed, by that tice 
‘was already the wubject of a large body of literature. 
igbteentbcentury sotlogiss had included man and bi 
types in their systematic surveys of che animal series. To 
1935 Linnews amignes man to 2 place in his mological clast- 
Sications—calliog hire Homo sepient—and tentatively divided 
the human species into veveal varied. Likewise Baaion 
in his Hustoire Naturele (9749), two vohinacs of which cun- 
sidered man, recognized varictics of race. The first inves 
peor w devise an exact scientific approach to the deter- 
‘mination of racial diffrence, however. waa Johan Fried- 
ich Blumentach (c7se184e}, offen caled the father of 
physical andhrapology. Blomeahach fier employed cranial 
Tmeerurements af en important clue in facial claification. 
Berween 1790 and 1848 he published measurements and 
‘comparative descriptions of sixty skulls from widely different 
pares of the world. Om the basi af his observations he 
ilivided mankind into five distinct varieties or families: the 
Gmnewsian or white, the Mougoliag or yellow, the Negro at 
‘lack, the Malayan or brow, and the American or red. He 
alled the white race Caucacian alter an expecially perfect 
cypefora th his coliection, the skull of = wocsan from the 
Cancans 
‘To supplement observations of supetticia} differences in 
appearance—muinly coloring and facial features-euch resort 
10 meanureencnts tas neceneary, particularly co skeletal weas- 
‘urements that could be applied to remalts of bygone rates, 
Anthropometry wis the name given to this branch of 
‘esearch. It brooght into rogue many types of indiceauch 
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su the cephalic index, the ratio of breadth to Jeagth of hed, 
the basa for dixinguisbing betwee doticocephalic, or Jong. 
Iheaded, and brachyeephalic. or sborcheaded, individuals 
‘These cranial characteristics were correlated with sxtuze, 
pigmentation of iis, and hair, and upon such composite de- 
termination the European races were divided into Nordic, 
Alpine, and Mediterranean. These groopings ctiwerom na: 
tiona! ablations, ao largely the isrue of politic] movements. 
‘They mill play their part in the dimeosios au well ax the 
Aisparities of race. 

‘There was little in these Hoitial wages of the xody of 
Iwan varieties hat came imo serious adh or that cxrried 
implications incompatible with the traditional Scriptural a 
count. I in crue that Blurnenbuch recogoised five primary 
‘aoe ated the Bible only three—armed for the thtee sone of 
Noab; but this discrepmcy was ot seriouily disorbing. 
Not 10, however, the enacepts of race that foUwed Darwin 
and became iswolved in the furious concroversy over the 
principles of evolution which well sporadically engages the 
ibis 











AACE AND EVOLUTION 

‘The problee: of mia} origins remained in oblivion until 
about the beginning of che eighteenth century, Then his 
‘torical circumstances craphatized the physical differences of 
social etraims. With the rapid rise of Europe to world domi- 
nation these differentiations of human groups became so 
ally important. Traveler landing in America ot Wert Af. 
rica or the ialands of the Pacific met individuala of a physical 
(ype markedly diferent from their own. Ax suc white men 
‘came increasing!y as conquerors and ruler, jealous of their 
Prevogatives, and aa the native could imitate whire dres and. 
‘manners bat conld not change his skin, physical type became 
an easy and certain way of determining social matus. Any 
White man wat a member of the roling group, any native a 
‘member of the subject group. The increasing importance of 
‘Negro alavery during this period also influenced the Euro- 
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ean‘s conscioumess of race. Any black man seen in Europe 
‘was a chatel, while any white man was free. 
‘The mudy of race thus began in a period when the doc- 
tines of separate creation and fixity of species were anqaes 
‘ooed, when there wax na inkling of the biological meaning 
‘of race, Racial clwiScations were all based on the asuump- 
‘on of a mall verics of originally distinc and clearly marked 
‘human varietic. Groups that vere intermediate between 
these hypothetical pure apd original types were explained 
aa the result of croating. a proces which could be observed 
‘when disparate groups were brought ioto contact. These 
serious errors had to give way to a more correct view of 
‘human origins and racial divisions, 
By the time the doctrines of evolution were enunciated, 
the existence of original, widely different rumoan. physical 
types had become a tenet of anthropology. It il} dominates 
Toei ln is Sel, wgh the pean cannot really be 
brought into tine with the principle of evolution. To posit « 
small group of racial types as the parent stems of the many 
Ihocwn varieties oow extant involves ane or other of two 
amumptions: either that there original races were evolved 
from digtioct subhuman primates, or that the evolution of 
these original ries was conopleted at u remote period; that, 
furthermore, the members of soch original groups, as loog 
4 they reenained pure-bred, revined their distinctive phyti- 
‘al characteristics unchanged through the vicisrtudes of mi- 
sration and the revolting environmental changes. OF these 
Altematives, the fir is certainly in bese agreeanent with 
evolutionary processes, yet it has found few supporter. 
‘Ande from the close similarity of all racial groupe in all 
‘but 2 few and rather sminot characteristic, the assump 
tion meew the almost insurmountable dificulty that all Lie- 
ing races belong to the tame species by the simple test of 
bybridittion, Different races, no matter how diverse in physi- 
al type, produce hybeids which are oot only as fertile an, 
‘but in toamy cases more fertile than, the pure parent azine, 
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‘The sxond alternative, that of early complete! human 
evolution, is now tacitly accepted by many anthropologists, 
sldhough the evidence for it scanty. The fact that a physi. 
‘al rype, such a the popolation of Eaype, has sureived in 
a particular region for several chourand years without mocice- 
able change is tot a proof that auch a stabilized type has loet 
the ability to change when placed oder different environ: 
‘mental conditions. When a species or variety baa reached ® 
smrisfactory adapaation to ia. cavironment, the necenity for 
further structural modibcation ceases. Boss has shown that 
the children of certain immigram groups in the United 
States difler from their parents in beaddorm, and that the 
exicot ofthese differences, though very sight, coerelates with 
‘the years of resideoce in Armericn of Uhe parents, IE this re- 
sult can be accepted 1s an indication that buman evolution 
‘a sul in progres and that new racial types can sill be 
developed in response to changing envirooment, itis in con- 
flict with the “primary race” theory. 

‘The believer im primary races tout face whe fact that 
‘modern man is markedly diverse in physical type. Many 
froups, appatently purebred or nearly 10, cannot be fitted 
into the primaryrace clasiGcation because they present a 
rixture of phyuical characteriaoa which ally thexn to two OF 
even three racial stocks in almose equal measure. Formerly 
‘tach intermediate groups were amigned an independent 
‘atus as primary races; but by this process the mumber of 
primary races was increated 10 a point where the concept 
‘became meaningless. Unwilling to abandon the old pre. 
‘evolutionary doctrine, modern stodents of race have shown 2 
tendency to retiench and to reduce all mankind to three 
primary socks, Caucasoid, Mongoloid, and Negroid, passing 
Lightly over the peoples who cannot be fitted into this 
scheme. The evolutionary biologi tay prefer to abandon 
the iden of primary races altogether, or at coor to retain it 

Frum Yom, Chenger te Baby Fort of Docondens of Famigit 
rab, 16) 
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‘asa basis fr purely objective clawiscation with no inapllce. 
tions of common ancestry for al the members of each stock, 


parive Teees ano Paper ue 
‘Early man muut have had tools and fre from the mament 
that be became diainely human. With thete aids he could 
(penesrace and exploit a wide range of environments. At the 
beginning of the Pleimocene the whole of the Old World 
formed a6 almost continuous land mais aver which recently 
cevalved man could bave wandered freely. Unless we accept 
‘the evolution of primary race from different sabhurast 4pe- 
ics, we mut ruppose that the fine men cattied in 
(gence potentialities for the development of all the physic 
vrriaien now extant. The fit: Homo, ao anthropological 
‘Adam, was an undiffcrentiated ancestral for, Preastsably 
‘arly man, like the heating peoples of today, lived in amall 
inbred groups, the size of which was limited by the food: 
supply, dividing ito further groups as the food-supply be- 
‘ame too mpamse. Such inbred groups offered an almoct ideal 
‘condition for the fixation of phytical varieties advantageous 
fn a particular ecvicononent, while theve was a constant Urge 
to the foration of new groupe as Jong as promising terri- 
‘tory war available. It seems ee to conclude that early man 
spread rapidly and widely, that trom these inbred bands 
arose many buman varieties As natural environments are 
‘pat sharply divided and as closely similar environments may 
‘secur at widely teparated points, the adaptive vatiations 
Which were a response to the environments would sbaw 
‘gradual changes throughout cootiaous arena, and also a cer- 
‘ain degree of parallelism in similar though widely veparated 
eovironments. Moder conditions couki thus be aocounted 
for by the asrumption, not of a mall group of prirsary races, 
‘but of many originally isolated groups whose physical types 
‘would diverge or converge in response to dissimilar ot simi- 
lar enviroamental conditions. While superior strains might 
‘be evolved at certain points and expand their range, 1000 
2 this expansion brought them into markedly different es- 
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vironment, the proces of poysical adaptation would begin. 
again, remiting in the prodoction of still otber and ow 
ope 
acu. sumone 

Such an explanation of the present diversity of rac] types 
and theic frequently irregular distribution ts wowccepeabie 
to most physical anchropologists, The doctrine of primary 
‘mecca as become each an ietegral part of European ideotogy 
‘tat it cannot be abuqdooed without x severe wrench. Jt at 
‘been seized npon and amplified to provide Enropeans with 
‘ovellectual and emotional justifications far the domination, 
and explovation of other groups aod for maintaining a a 
al dutance between themselves and the member of other 
races, Deginning with prefvolutionary reliance upon the 
Biblical text in which the toas of Ham were condemned to 
‘menial labor, it has accumalate? preudoscientifc ratiouali- 
‘ations favoring dominance and raperiority of the white rare, 
Flaving set up his Sdeal racial stocks, che white man fas 
attempted to range these socks ia ma evolutionary series 
with biouelf at the top. To this end he kat had to exag- 
igerate the importance of those features ia which he was jas 
anthropoid and to pass aver Tightly asch details as huiiness 
and mauive brow-ridges in which he more closely resembles 
the anthropoids. When this line of rationalization collapsed 
jn the face of the increating evidence for disharmony in ho- 
‘man evolution atxt for the Tike evoluciooary satus of all 
living groups, he tamed co claims of ruperiar intelligence 
{or his own wock, Since he umually judged the inteltigence 
cof other groupe by tsts and appraisal devised by white roea 
for white men upon a knowledge of modern Earopesn way, 
the results were more gratifying than scientifc—agals an 
«error of intrusion unfair to other ethnie groupe. 

1E the Baropean mind were prepared to abandon the at 
ssumpeion of primary races, substituting for it that of an 
indefinite number of graded ines of reseablance carried ia 
the heredity, these laboriously sccumulated proofs of white 
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‘nperiocity would have to go by the board. Nor would an 
appeal to hisery be of avail: for himary proves conclusively 
‘hat Enrope was a marginal area to which civilimtion came 
Tate: that, even it 1600, its peoples were oo the defensive 
sugpinis the steadily advancing Asiatic If the concept of pri- 
may race were abandaned, there would remain only the 
‘arumption that certain small groups of related. individuals— 
family Lines, 19 fact—were lew ansbropoid or physically 
sarooger or more menaaly alert than others. This ofiginal 
‘basi of differentiation, to which must be added the large 
equiliting through mixture and migration, would provide 
‘ng juutiBcation foe the exploitation of one people, oot na- 
toa, by another. 

In this comnection » word may be mid about the recently 
rowurrected Nordic myth. The Nordic race is at vaguely de- 
Vinited a8 any of the other races that have been vet up a 
‘primary groupe. Ideally the Nordic i tall, blond, and power- 
ful, with a long head, high wove, and marzow face, alio an 
_xbundant beard. He appears typically io German sacred art, 
‘but in his ideal type he is not very common even in Ger- 
‘many. All over Europe may be found blonds with broad 
beads as well an with loog beads, blonds with broad faces 
as well ax narrow faces, short blond straint and tall blond 
weak. As to the Nordic’s inherent abilities, raiders from 
the region of the Nort Sea and the Balticmthe presumed 
‘eater for Nordic dispermi—have consributed much to the 
‘conforion of European history and have provided feudal 
aarinocracies for several of the countries of the south: yet the 
Nordic boweland has contributed Little to the growth of 
European civilization. ts fac. it hae rather aoiforca}y chown 
the culture lag characteristic of marginal area, 

GLASICA. AND PRRTORIG ANGUEOLOGY 

Of the two main branches of cultura) anthropology, we 
Ihave already noted that the beginnings of archzology came 
swith the Renaisance, which wibered ia a vogue for the clawi- 
al Simple tombecbbing gave place to x symematic search 
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" for ancient works of art, while the profound respect of 
Renaissance engineer for clwical buillers and the growing 
interest i ancient inscriptions led to an increasingly carefas 
study of everything uncovered, Clouical atchirology was well 
under way in Italy by the beginning of the eighteenth cen- 
tury, Egyptian archology began with Napoleoa's expedition 
to Faypt. Meopoomisn studice were inaugurated in the 
1middle of the niceterath century. In all these regions the in- 
‘eaeiqators were dealing with highly civilized cultures whose 
‘nitory was already partially known. They centered their in- 
vestigations at frst oo the find.ng of inscriptions and objects 
for moseum display. They Gasled to appreciate the im- 
portance of recording the Location and tbe level of excava- 
tion at which specimens were found, and they did aot know 
how to handle the evidence thus offered: ence they feo 
Gewsoyed more information chan they gained. Mortaver, 
they gave undue weight to the eitementl of clumcal hit 
toriens and tried to bring their own findings into agreement 
with them. Ie was only when the Castical archeologists began 
ta barrow the techniques developed by investigators working 
‘with the remairu of unknown preliterau peoples and to 7 
‘construct history on the basis of Srsthand evidence Unt their 
‘work took on 2 really scientific pect. 

‘The archrology of preliterate peoples begun is career as 
‘sort of poor relation to clasical archaology. The explore 
don of early human occupation sites yielded no precious 
metals and 0 works of art acceptable to the peeudo-cassical 
tater of the seventeenth and eighteenth ceoturien It was left 
4 local antiquarians—scboolteachers and country. gentle 
men of inquiring mind. Also, it came 10 lie omewhat under 
the ban of the Church, since its findings threw doubt oa 
the Scriptural chronology. ‘The Git modern European to 
recognize the true nature of tape implemnats was Mercati, 
award the close of the sixtoenth ceatury. His writings, how: 
ever, were not published until more than x century after 
his death, by which time a comparison of European stane 
implementa with those found actually in use in other parts 
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(the word hed finally exablisbed thelr status ax human 
srcifacas insead of thonderboles, 

During the whole of the eighteenth century the develop- 
ment of prehisoric archzology wa rapid. In 1715 Conger, 
‘£ London antiquarian, found worked Sint: in association 
with the akeleton of an clepbant in undinuzbed gravel de- 
posits Ta 1797 Joho Frere, another Englisoman, mage a 
similar find in Suffolk. Preve believed that 
1 "a very distant period, 
the modem world”; but few of bis comtempararies accepted 
this covclasion. 
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‘t precipitated, in fat, the problem of the age of man and 
‘bla pouible amsociacion with extinct animals in Europe. 
"Those prepared to admir that the finds were authentic ac- 
‘counted for the presence of the elephants by explaining them 
as war elephants, imported by the Romans for use agiinst 
‘the Britans, and supported their view with a reference in a 
‘haical work on military strategy. A considerably larger apd 
‘more scientiScally minded group, among whom Cuvier was 
‘oustanding, denied the aothenticity ofall such finds, Ax late 
ss sag Cuvier declared, “AUl evidence leads us to. believe 
that the human species di mot exiat at all in the councries 
‘where the feast Booes were found at tbe period of the op 
hheavale which buried chem.” It was not until 1848, when 
Bourher de Perthes published his Antiguités cettigues et 
‘antddsiwviennes, that dhe great age of both man and his ie 
Plements cune to be geoerally recognized, 

‘The later workers in prehistoric site, belonging ta the 
Scooe, Bronze, and Iron Ages. encountered dwindling oppo- 
sition. They went forward meadily, amauing dats and de- 
‘eloping techniques for their interpretation, As eaiy at 1750 
J. G, Eocard had suggested 2 sequence of prebivtoric periods, 
‘based upon hia seudy of ster in Germany. Sn 19758 Goguct 
‘extablisbed the European culusresequence of stooe, copper. 
Dbeonze and iron ages; this wes wom verified and developed 
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bby the Manish archaologists CJ. Thomuen (died 1865) and 
J.J A. Wormae (1821-3885). 

“The paucity of material end the complete lack of imtcrip- 
toms forced prehinotie archeologist to pay a great deal of 
suteotion ta tocthods for sadying their Snds, including par- 
‘écularly means of estimating the age of human relics. When 
posible, the cacly prehimorians used geologic methods, 
studying the riverierraces and glacia) deposits from which 
so0e implements were obsained: bor the spans of geologic 
‘epocha were too vast for measuring the brief «ory of man. 
Archeologina turned next to intensive studies of the mic: 
ceive deposit or levels of occupation (eerasigraphy) und of 
evidences of evolution in implement types, The position of 
objects in stu in accumulated deposits afforded caw proof 
of the sequence af cultures: the depths of the accumulations 
provided « rough iden of the time intervals involved. Once 
‘pecia] forma and decorations of cypical object (typology) 
sch ad ancy, sezapers, spear, etc, were amociated with well- 
‘euablished periods, the forms themeives, wherever found, 
‘became evidence of relative and approximate age und place 
in aculturesequence. ‘They were, however, of little use in the 
‘vtablshment of exact chrocologies. They made it pomible 
‘0 my with certainey that onc type of artifect was older than, 
another, but they gave no cine to the Jengeh of time that 
weparsted them. By combining the geologic. stratignphic, 
and typological techniques, archeologist are now able ta 
ssvign with fait accuracy the sequence of prehistoric cultures 
iv any locality; bot they do not yet venture to date even the 
feud ofthe Old Stone Age in Europe more clovely than within 
at range of several thousand years. 

A dininciive and, within Umi, revolutionary techniqae 
for determining the chronology of remains of preliterate cab 
‘tures was contributed by A. & Douglas ax tecencly a 1999 
tn The Secret of the Soutiwest Solved by Teiketive Tree. 
‘Rings. As has happened before, be applied the findings of 
‘another science eo the advancement of anchropology. His 
method ia derived froc the sendy of the anmaa’ growth-ings 
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of timbers from ancient ruins in New Mexico and Colorada. 
‘Their variatians were correlated through other data with 
‘variations io raintall, and the count of the ansual riogs indi 
cated the year in which the eres had been cut and the ruins 
‘built. While the method is applicable oaly to regions arid 
‘enough 10 preserve wood. the peoples in wach regions often 
‘traded far and wide; hence their chronology can be made to 
werve for the regions in which objec entering into their 
‘commerce can be found. It cea probable from this research, 
dt the entire development of Southwestern culture ia the 
‘United States took place within about #,000 year, ioatead 
(Of the 4,000 or 5,000 years previoly assigned. The vtilize 
ton of freezing: a1 an anthropological clock may well ake 
‘ta place in the annals of novel techniques in science. 


‘This account of the rive of archeological sevarch nnd the 
‘errors regardiog man’s past that it verved t0 correct may 
veand as representative of the coune of progres in this 
branch of anthropology. Its major reference has been. 10 
European occupation. American archeology offers addi- 
tional points of interes. 

‘Anthropologioa are agreed that man arose somewhere in 
the Old World. How and when he arrived on the American 
‘continent is altogether tncertain. Some rake hi arival late 
Perhaps ealy 10,000 years or 80 ago; others grant him a 
pperiod of 40,000 to 50,000 years and End confirmation in 
‘the recent discovery in Mionewea of a skeleton beneath wn- 
disturbed deposits of glacial age. 

Jn the historical period numerous problems are raised by 
the remarkable ruins of Mexico and Central America; also 
in the interpretation of the Indian mounds—some being oc- 
Ccupation sites others burial grounds, and frequent examples 
exhibiting, symbolic, soimalke form, The contact of 
uropean settlers with Indian tribes through three centuries 
gare to American archeology a distinctive and rich oppor- 
‘uniey. Nevertheless, there were in the early periods fan 
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tanic speculations to ascount for architectural remains on 
American soil, including migrstions from Egypt abd 4 my 
‘rious Tort Avanti, These theories soon died. as far as 
scientins were concemed, but some fifteen years ago their 
‘phous rove to walk again under the slauls of G. Elliot 
‘Smith and W. J. Peery. According ta ebeir “diftasonin” 
school, the origins of ali the world’s civiluations ean be 
ferced to bands of andy adventures who set out from 
Reypt in ancient days and wandered over the face of the 
arth in search of gold and pemrla, Wherever they touched, 
they left behind them the seeds of civiliation, including 
touch diverse elements ax building with large sones, wor. 
shiping the mun, and tattooing. If this heliolithic theory is 
cottect, the Egyptian advennurers rust have been able to 
wander in time ax readily as in space. Central American 
chronology is knavn with considerable accuracy, and by the 
time the Mayas built their Git sone temple, Egypt had 
become a Roman province. 

‘While early Spanish chronicles proved beyond doubt that 
Indians had built the great monuments of Mexico and Cen- 
tral America, no such records existed for the building of 
the earthworks that white pioncers found veaticred over moet 
of the Misisippi watershed. Until about 1880 it war gen- 
erally believed that these remains were the work of a tape 
terious race, the Mound-Builders, who were mupposed to 
hhave passed from the sorne before the Indian arrived. This 
idea was completely exploded by the work of Cyrus Thomas 
and his associates in the Seolthsonéen Institation, but it is 
‘cil Sraaly entrenched as a popatar belief. It bas bad an im- 
partant effect on the development of Miaiippi Valley 
archzology. Sioce it was taken for granted that the mound 
were not built by Iodiang the study of thean was carzied 
on for many years without reference to Indians, their known 
habits or artifacw. In thie way 2 demartation developed 
‘between the fields of archnoiogy and ethnology in America, 
to the detriment of both. 
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area mvoLTnon 
However improved the methods of archeology my be- 
comme, they can only imperfeciy reveal the life of long ago. 
1¢ ls the paleontology of culture, uncovering the skeletons 
of dead civilizations but giving ws oaly bins of what these 
sivilizations were fike when they lived and moved. To un 
ermand the vital proces of catture we rout observe these 
[Procemes in action, in living societion sad the individuals 
‘who compose thew. Such is che ek of ethbology. 

From early tmes cariotity inupired ethoographic doscrip- 
tioa. Travelers had always brought back interesting tales of 
the strange peoples they encountered; but toward the lose 
cof the seventeenth centsy chese tales Began to acquire a 
practical value for mimionaries, etchant, and the rest of 
the vanguard of European expansion, Their demands for 
accurate information Jed to more sytematic xnd more ea 
lightened studies, out of which graduatly developed the tech 
niques of modern ethnography in observation, selection, and 
presentation of data. These techniques, bowever, are still 
s0 imperfect that it is doubtful whether any observer bas 
ever been able to see a culture as a whole, much lea record 
it in ita encivery. Even after che language barrier hay been 
overcome und the observer has been adsnitted to participa. 
toa in the life of dhe native group, be remains at bert alien 
sad subject to the limitations of his civilised background and 
‘education, oftea further restricted by a selective interest in 
some few aspects of primitive life. 

Ii imperfections notwithstanding, descriptive ethnology 
wes already well developed before analytical ethnology came 
into being to asrume the task of interpretation. Not only 
‘were the scientific methods devised for the study of the ma- 
terial workl cxtrewely dificult to apply to social phenomena, 
‘but for generations scientists were content to leave the ex: 
planacion of such phenomena to the philosopher and the 
theologian. Hegel (17702853) the emancipation. 
‘of the social aciences by his fraitfa? pomulate of etages of 
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history, but ethnology did not emerge as a distinct science 
until the latter half of the nineteenth centurp—to late, io 
deed, that one of its greatest pioneers, Sir Edward Tylor, 
ied 40 recently as 1987. The fret workers in the field were 
contronted with the Herculean tuk of sifting the want ac 
‘cumulation of unorganised data aboot primitive peoples, 
‘They had frat of all to develop some spuiem by which the 
fact of culture and al cultores as wholes could be clusifed 
and arranged. They had alio to develop techniques for the 

lyst of culture and theories to account for both observed, 
similarities and diferences. None of these problems has beex. 
completely solved as yer, and none of the attempted ap- 
proaches to them has 4 far been. proved entirely worthles 
(or been campletely abandoned. 

‘The ealicat approach to ethoological problems was that 
of the evolutionary acbool, As xide towant science’s prime 
requisite of a system of clamifcstion, they had both the 
theory of the wages of history, By this time well 
and the newly enunciated theory of biological evolution. 
For clastifcatory porposes these two theories did mot clasb, 
‘while the evolutionary theory offered a nacualistic explana- 
tion of progress to replace the aupernaturalinic one of the 
‘asker hinorians, We & hard to say which of Uhese doctrines. 
was drawn upon more heavily in the forcoation of the evo- 
Jtionary school. Sir Edward Tyloe (181917) and Herbert 
Spencer (1801908) admitted the truth of biological evolu- 
tion, but the American Lewis Henry Morgan (0818-1881), 
‘whose approach to the mudy of culture and society was al- 
‘aost identical, was a conservative Biblicis strongly opposed 
to the theory of iological evolution and carefally avoided 
the ase of the term in bis writings 

‘The evolutionary school built its theoretical structure 
‘upoa the povtulate that all human groupe have much the 
sume intellectual and emotional equipment and will react 
imilacly to similar situations. Thus, if chere are two tribes 
to both of whoea water eransport would be advantageous and 
oth of whoa: have suitable wood and cools for working it, 
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‘both of them wil spoctancously invent canoes, When euch 
tribes have advanced soaewhat farer in their cultural 
cqquipmem, they will both inevitably take the next step, say 
the invention of can or sails, and 20 onward and upward. 
‘Working from this batic postulate, the evolutions devel 
coped a series of evolutionary sequences for various instity- 
tions. They then amumed that cevain combination of 
innicutions represented wages in the developmocat of culoare, 
that aniving at 2 basis for the clamification of cures at 
wholes. They 





these, and ancgued all the cultures of the world to one oF 

another of these mages on the bass of content. Uncivilized 

peoples were regarded as living fouls, preserving into the 

igen iniaiony tick che tmemtes of else pope 
‘once bad but had outgrown. 

Tn their enabliahenent of sages in the evolution both of 
inniacions and of culoures as wholes, the evolutionary school 
revorted to a curious and thoroughly unscientific device, 
Since the actual history of most cultures was unknown, they 
aaumed that the jatiections characteristic of Victorian Eng 
land (the fine evolutionists, with the exception of Morgan, 
‘were English) represented the last evolutionary stage in 
‘every ease, and that the corresponding innicutions of other 
secietcs could be arranged io a descending acale, their 
toa in this scale being determined by the degree in which 
they differed from the Vieorian innitationt. Thas, pro- 
amiscuity, being most wolike che English idea of marriage, 
smart be the first or lowest form of suating. Group marriage, 
‘which was only slightly lew objectionable, must come next 
as method of limiting promiscuity and warting man on the 
ight path which, after many vicisitudes, would lead him 
to the bappy, moral monogamous life, Coupled with this 
arrangement of sages went 2 belief in the unllinear evolu 
tog of all institutions and caltare, that is chat all cultures 
Ihad paased or were pasing through exactly the mme wage: 
{in thelr upward climb. 
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‘The theory of an incritble, unilinear evolution of cul 
‘ture har been abandoved ey practically ail ethnologins It 
cannot stand in the face of known facts Stages of cultare 
uke on a varying form io their many adaptations. There it, 
‘of courve, po lack of data of certain kinds to support the 
underlying idea that comman practical needs, coeamon exe- 
tional needs, commoo mental habits, will lead to similar 
luaes in inventions, canoms eliel, aod that these will 
more or Jew foram a series of lower, croder, exricr, and of 
higher, elaborated, acd later expremions. Besides our ex- 
sample of the cance, the history of invention is full of paral 
Jeis of culturesages The mory of firemaking, of driling 
and polishing, of weaving. of pottery of forged and alloyed 
maceals, would all fall within a similar pattern, Wherever 
fone twachea the seream of euleare, one finds evidences of 
“evotution.” 

‘To apply a similar concept of sequence to social producs 
and intelectual interests was 2 tempting and, within Hints, « 
valid procedure; bat i¢ ready Jed to the common error of 
forcing data into a theoretical frame. It overlooked the great 
diversity of solutions paxible within a common prychology 
and a compamble enviroamenc. The pouibility of copying 
and of tmatval influence of cultural products Tikewise cntcrs 
Every people has mating customs and develops a cult which 
i alm an iden of the marriage relation, incloding the family 
as an instination, But the variety of its expressions is end: 
lew, and the ‘sory simplification of the evolutionists under 
the Victorian cultural compulsive—though in one form it hat 
the authoritative support of Edwand Westermarch—eezt in- 
compatible with the disparities of customs within the groups 
{in camparable wages of culture, and especially with the fact 
sus mowepnon olny er Sn Ay tag The 
cwolutionary interpretation led to varied error, i 
fo tis imines, habe analogy beoween sachopald ad 
‘human relations—the one biologically, the other calturaly, 
‘emtablished. Moreorer, it ignored many form of sporadically 
istribated ethic of tribal cuxoms that do not conform to 
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any evolutionary parser. such a1 the custom of rouvede, in 
‘which the busband Gales to bed when the wife is confined, 
‘The evolutionary theary posited Sshing, hunting, pastaral, 
‘and village stages of caltare, snd likewise » matriarchal as 
(preceding the patriarchal form of tribal goverment. Yet 
among American Indians the group of lowest culture ate 
amomt uniforisly pucriarchal: indeed, we can trace certain 
actual shifts fom patriarchal to suatrigrchat institutions, 
Moreover, the American Indian ad no ustoral soige and, 
‘except in Peru, po domestic animals to berd. Nor does bunt 
ing or food-gathering always precede agriculture, Even auch 
‘a general eoocept of the evolutionary principle as that which 
pictures the ascent of man from savagery 1 seaniciviliation 
to civilized culture wages doe not accord with tbe varied 
patterns of material, social, aod ictellectual development 
that societin preseot. ‘The rigid application of evolutionary 
‘Principles is inimical to the profitable wady of the primitive 
‘ind, of primitive society, of printive life generally, and its 
varieties of procedure. There ir no single line of evolution, 
suo generally applicable sequroce of stages, 0 inevitable 
series of muccostive development, but a variety of distinct 
solutions open to unbiased analytical investigation. 
‘There can be little doubt uhat the evolutionsry school 
‘would now be extinct. or at least codified beyood recogni- 
tion, if there had not een certain political developments 
‘which had nothing to do with the advance of scientific 
Janowledge. Karl Marx (18181883) and Friedrich Engels 
{u800-1898) toak the doctrine of wages in che 

of civilization as a cornerecone in the building of com- 
‘auniitic philosophy. Alsboogh Marx bad folly outlined hin 
‘theories of econosnic determination before the inception of 
the evolutionary school of ethoology, the eheories of thin 
school fitted his posalates wo perfee!y that chey were at once 
adopted by his followers and bare become an integra) part 
‘of coaimunist doctrine. When the Marsians came into 
‘Rumis, evolutionary ethnology received s new 
All the echnological watk now being done there, 
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suide from purely descriptive studics, has to conform to its 
sheories. 2t is curious to note how thse theories, which were 
‘welcomed by the ninetcenth-ceotury Englishman as an ex- 
cuse for Lasserfaire, have become in 2 different sering the 
intellectual and cven emotional justification for the most 
‘Vigorous azcempt to temake a colture and a society that the 
‘world haa ever seen. The commnnist not cely believes that 
dhe evolution of culture is unillnear and inewrtable; he also 
believes that he knows what form that evolution will tke, 
In creating the commoniatic state he is simply spending up 
the evolutionary proces, working along tbe lines of im- 
mutable law. 

‘As the inadequacies of the evolutionary schoo! became in- 
‘creasingly evident, various ew approaches vere developed. 
‘One suall group of worker, the enviroomentalsts tried 
0 account for the divenity of cultures and the lack of wai- 
focmity in their rate of evolution on the basis of differing 
atural environments. In part and in extreae’case environ 
‘ment ina controling factor, for the Old World civiliations, 
as Elltworth Huntingtos has shown, fouriabed in temperate 
ones, waile Arctic severity reduces life to a minimal social 
‘basis and the tropics fail co stimulate energies In general, 
however, the eovrronmentalats were few beorase it was ob- 
vious that their interpretation simpliBed the complex sitaa- 
don that surrounds the development of any culsure by 
ignoring a large part of the factons involved. The bool 
collapeed in the face of the obvious fact that peaple Living in 
fdentical natural environments, my Indians and white pio- 
torent in the Atserican Middle Wen, may have profoundly 
Wifcrent cultures and adapt themselves to environment in 
quite digereat waya. 


Ya Germany, where the scholastic radition was will imbued 
with the idea of historic stages, there developed under the 
Jesdenbip of R. F. Gribuer what is known ag the Kultur. 
‘avvis school. From the eatly eighteen bundreds the Germans 
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had believed in the maw migration of peoples, especially 
their own ancestors, and the new school was « crow between 
this concept and that of the sages of history. It apbaituted 
for 2 series of cultural sages growing out of one unother a 
terica of complete culeares cack of which had been carried 
‘over all or at lens » large part of the world by actual mi- 
ations, Current divendities in cultare were explained partly 
‘by Lance” migrations, partly by the blending of caltures 
‘which ad been superimposed one upon the other and the 
‘nesequent Jom of certain elements once present. A profound 
knowledge of the waiery and dirribution of culture traits 
was drawe upon to establish the content of each of these 
Inypothetical original cultures, but since none of therm wat 
wzppored to exist today in iy original form, the cootent at 
{igued to eath of them rented, in the last analysis, upon the 
subjective judgment af che jevesigatot. The accuracy of the 
reruls obcainable by this method was thus roughly com- 
‘pamble to the achievement of an engioeer who guemed at 
his measurements and then computed bis remlta to the 
fourth decimal place. 

“The Kulturkreis school sil has a few active adherents, but 
Jhas never taken foot outside Germany and Austria, where 
it appealed to the developing cult of Tectonic nationalism, 
While ia asramptions can neither be proved nor disproved, 
the weight of evidence is all against them. Aside from the 
ificulties involved in longdistance mass migrations and the 
Improbability that axy uncivilized people could carry their 
cculrure intact through generatiara of wandering which 
brought them oto a variety of atura! enviroment, it is 
‘urmeceamry to advance such a bypothesis to account for siri- 
laities in calture. The independent invention of the mame 
simple appliances, say dugout canoes and paddles, may very 
‘well have occurred in several different parts of the world. 
‘Also, we have abundant evidence that single culture traits, 
‘or mall groupe of related trite, may diftte over wide areas 
‘without any migration stall. Thus, tobacco spread over moet 
cof the world within ewo bundred years of the time it was 
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fiewe brought back to Europe, yet it carried with it only 
those elements of Indian cxlcore, ehe pipe and. cigaretie, 
‘which were functionally amociated with i. 

‘The Kulturkreis school has not been the only one to at- 
tempt to explain the wide distribution of certain clemency 
‘of culture on dhe migration hypothesis, We have already re- 
ferred 10 the beliolithic theories of Smith and Perry, who 
luold that the main foundations of civiltation were laid 
‘everywhere in the world by 2 single culuaral group who came 
from Egypt. These people spread faz and wide, establishing, 
themselves as rulers of native tribes and introducing the abo- 
‘igines to the advantages of civilization, incloding war and 
the Taborious erection of megalithic monuments, The in- 
lunon of war in the helilichic complex has dooe more ta 
‘cin support for thie theory than all the acientic evidence 
that its founders have been able to advance. For if war isnot 
‘an original human institution but something foisted on 
the rest of mankind by wicked helilithic immigrants, it 
should be laitly exxy to do away with, and pacfuts have wo- 
cordingly Socked into this acbool. Actually many of the traits 
suigned to the helilichic complex do show écfinitelyIinked 
sbutributions in the Old World and may very well have beer 
diffused from the same center, bot, again, it + unoeceaary 
{wall upoa actual migration to scconot for them. 


‘Much that we have reviewed must be auigned to the cate- 
gory of error, but the workers in ducredited schools have 
nove the les adda greatly ta our knowledge of the great 
diversities of ehnic products und helped 10 define the prob 
Tews relating to tbe agencies concerned in their develop- 
ment, spread, and decline. To exvisnge a poople and its cal- 
ture a8 a whole and achieve an insight into its meaning we 
aust know ius origins (hat is its hinoric Background), the 
functions and interrelations of it pare, and is basic paycho- 
logical patterns which shape ita organization and determine 
the dirercion of ie growth. Work on the determination of 
origins bas gooe on longer. aod we already know a good deal 
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bout whese new clemenus of culture come from and how 
cultures prow. The overwbclming issporanrr of booming 
in determining the coment of any culrure has been proved, 
but we still know very Ligle at to why certain element are 
borrowed and thera rejected or as t0 bow such borrowings 
are incorporated into the new culture. Theories of culture 
<Giffwien occupy much of the arena of discution, Culusral 
produc in some inutaoces, ke the distribution of frupa 
and flora, chow the effects of contiguous weographical areas; 
wwe know, however, that cootruted eyutrm: in almon any 
‘respect may exist within neighboring territories, and that 
the decisive factor is the acceptability of ideas within the 
frame of what may de called cultural ideology. The temper 
and content of primitive society brought into operation a 
diflerent range of effective “ideas” from thove prevailing in 
high-grade social strocrores. Yet the analogy holds between 
the processes of asimilatica in wach mbxed populations as 
‘hove of the United States and the coherence of primitive 
‘wibal @oupe, Ways of thought and belief, reinforced by cur 
toe, form the media of coltural unity at well a of Aitfusion. 
‘The emphasis is placed upon socioprychologicl patterns, 
the wndy of whlch, now broly begun, he sar ash of 
preseatday cultura! anthropology. Theie interpretation for 
[Past and present brings into play the eotire resources of the 
tocial sciences, with paychology and sociology contributing 
fundamental cooceps for the understanding of men's varied 
solutions of the nature of the world they Lived in, the farces 
that prevailed in i, their social mores, and the philosophy 
requisite for exprenion of cheir needs 

‘Only in recent days have there becn enablished a critical 
attiide and aright interest chac could be focused upon these 
complex probleste, The attainment of this position hax bees. 
addow growth, obstructed at every point by esablsbed errors 
Of tradition and awaiting the data of the allied sciences and 
thet interpretation. Now, dapite it many imperfections, 
anthropology takes its place among the important resources 
of knowledge available for the undesnanding of man. Every 
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important problem of humen relations has benefited bby the 
itumination of the inquiries and concluslons that eanetitate 
the most recent of the sciences dealing with the most ancient 
and comprehensive, moat intimately engaging of ull topics, 
the acienufic wady of husnanity, 


Cuartar X 
ERROR IN PSYCHOLOGY 
By George Malcolm Stratton 


MICHAEL PUPIN, the tate eminent physicist end inventor, 
fone morning wer coming doom the weps of the Cosmet Chub 
in Washington. In his friendly mamner he siopped as f mat 
‘end toon he var sbeching with charm sboat the study of 
the mind and about the encomwmon dificities in wnderstending, 
thie great vide of wx. 

‘The lifes world, he sid, is hard enough for ws to grasp 
ectricity, chemical rections, the nature of spoce, Much harder 
4b Geto master the full truth about living boaies, of plants and 
‘animale. And in thie erdaous region where life is, the hardest 
Of all 9 wnderstnd it the nervous sytem, the Brot 
‘Now prychotogits, he continwed, mutt Zo on to ¢ more difh- 
cult Ural room than tht. They mast include in their studier 0 
{it mare intricate and elusive tt of Jct, the facts of conscious 
Ife, Bo wonder, he concladed, that peychalogts find the work 
dard. Their tath isthe sott dificult of al the tasks that com: 
Jeoot the scientist. 

‘Papin, in my judgment, wos cleorly right. Mere dificatty, 
Arwever, never dimaye all men—thowgh it dizmey some. fn. 
ead, there are feycholonits who ace 20 clearly the dificlty of © 
Ichenic study of our conscious life that they gloe up the tach 
‘at Ropelest. Thi side of wx, they daclary, sither does not exist 
or it ter quite outside the ole of scence. For sch students 
the proper study of mankind is mam's glands, man's musclen, 
sman' serves and braimtheze only. If there be aught beyond, 

ir mmept axide ar of no interent to wientic pryehology. 
Sich men appear to me to be defcatin. They give wp the 
‘ight when it as Rardly yet Begun. They gice over to Ropelest 
spores htt may en the isting eof 
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Their serrender, though, is not general today, wor has it ver 
been general. While sientife peychology has never tered {tr 
Sack fully on the muucies and nerves, and indeed never ext 
sford to do 50, 1t as 05 tittle turned its back om still other fect 
obterved in living individuals. It cannot for Fong ignore rach 
‘obierved facts at that mem frerecive, have ideas, foyt, sorraus, 
‘iurpores. Such events eve, without question, linked up with 
lands, muscler, nerves and brain. But wever yet have they been 
obrerved to be identical with what it observed fw there ongant 
of our, by distection, chemicel anclptit, stemmed slides, and 
microscope. Among the many hey needed to enlock the secret 
door of knowledge, scientific men have never widely been ready 
to leave unused our mental actz. Such act are too fatcinating 
in themueloes and are too efective heys to other knowledge. The 
doctrine that our mental life cennat be Browght within the ied 
‘of science would appear to be an important mistake of tome 
pepchologiee. 

1 all that follows, then, peychalogy will be understood in 
iar large hintore seve. Ir field will ixctude all the behevior of 
Tiving erertsrerbehaviar human ay well as below the human 
evel, behavior abueroable Both within ws end without. The task 
of the moment it to observe tome of the wondering: of men's 
minds af they have sought the truth in this aude end diversified 
field. 

‘The field of feychatogy can easily be located by much sell. 

‘80 see, 9 hear, dreant, iearm, under 
‘we become excited, fearful, or angry; we am plessed, 
me act at timex almart like machinet, without inten 
tion; at rimes awe act with clear frerpose. These activiher «ve 
obrerued in men and fo rome degree ix animals. And long they 
have pusled the acventct. What are they? What cevses therm? 
How are they connected with one encther? How are they com 
‘nected with the body-eith the eye, the ear, the blood, the heart, 
the brain? 

It is impomible fo teil of all the quertions ta which tht am 
sroery have gone aatray. One must choase. And the choice i 
Iara where so much incites st. But the questions that follow 
are choven because they are significant end have held the iader- 
‘st of many investigalons and—have led thee attrey. And the 
‘rrore made will be fair saoaples of the mumaberies errors which, 
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[ike Maached bone, mark the trails tht the explorers here hove 
followed. 

Where docs the mind have ir place i the body? 

How owe 206; what is this power we call sight or vision? 

What costa out dices, aad what do cur dreams meen? 

Why are tome creatures tore feeligent than oihent dnd 
‘where do our ideas come ftom? 

‘ANG, falls, wht of cx mental Te at 4 whole tor it 
not, made wp of sentation, or perhaps of muscles rehexed Is 
1 indeed, a whole atoll, or i only « carual axeobly of 
mnt 

“nm the onevers fo thee problems we perhaps may 10¢ the 
paral fadure, the aval succes, thas fo, of me ofthe gretet 
Of scietifc exdeavor, the sitempt fo wadentand oust 


‘THO ROOLY SHAT OF OUR MEXTAL POWERS 


IE BRAIN vas not from the fret, considered to be 
amuredly the chict bodily organ of che mind, The 
blood, #0 Empedocies (Bith century w-:) thought, har fre 
importance; it i because of the bappy suixture of the blood 
in their bands or tongue that some men are artisans and 
others orators; and 40 for all the other forms of ability" 
Diogenes of Apotlonia (fourth century nc), with a different 
view, gave prime importance to the ait within the body? 
‘And yer the brain itvelf wan ently belicved to hold this 
ofice. Alemop, Anaxagors, and Democrituy, amoog the 
Greeks before Aristotle's ime, thought the brain to be effec: 
(ual for our mental Life, When Plato (fourth century 3c) 
‘ame to pronounce on this question, he distinguisbed, and 
‘would have the brain to be the seat of the divine reason int 
‘us; while the thorax is the place of shat part of us which is 
cendawed with courage and passion and the love of strife; 
‘and in the abdomen, Deeween the navel and the diaphragm, 
\Taeopbruto, Be fren, 1 we 7p. of ce pres wetirs 
"nd ie Grek Pinsateged Pcholng hore roe owe 
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awe ovr desires for food, drink. and other bodily needs" 
‘Asinodle, great scieotist though he was, took x step backward 
in this regard, bolding the rain to be, rather, an organ of 
cooling. 

Later Greeks—and above all, Galea, chat eminent figure in 
carly medicinc—were not dexninated here by Arlwotle, but 
‘returned to che eatly {f vague recognition of che part played. 
tay the brain. And froes Galen's time 09, the gro! error 
dat our paychic Tite haa ita sear wholly in those parts of the 
‘body ontide the brain gives way to leaer erroce. Some wrong, 
‘parc of the brain is now chosen as the true place of mental 
activity, rther chan sors part of the body oouide the brain, 

‘The tory of all the falc sccnss followed within the brain 
itselE might be monde as brenthlem as a chase, but it would 
{ead us 100 far. Galen's own view, right in attaching prime 
importance to the brain, was wrong in. giving emphasis to 
‘the ventricle, And Galen's view deeply influenced Arabic 
science, which én curn deeply influenced science in medieval 
Burope, Albertos Magaus (1390-1880) amigued to the various 
ravities or ventricles of the brain quite an array of mental 
powers, including sense, movement, memory, imagination, 
sand appeaisalt 

[Nor did the errars end with medieval Europe. Tn the six- 
teenth century, Leonardo dx Vioci—a great modern: painter, 
anatomist, xodent of aviation, and euch beider~ecamined 
the beaio’s ventricles by injezting Mot wax into diem and, 
when it handened, dissecting this out. And we sil have bis 
sketches of these little waxen car, with notin his odd 
reversed or “irtor” acipt—telting quite wistakendy the men- 
fal we of the parts of these several hidden cavitis tn the 

‘The error took « novel form for snotber great modern, 
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René Descartes (15961850), who chose as the place where 
the mind acu on the body @ small portion neat the brain's 
center, the pineal gland. Dexarea’' err it so ingenions and 
‘wat 30 well worked out by hima that one almost wishes it were 
‘roe. It is supported by evermthing bat experiment, which 
‘unfortunately smcepe it quite away. But earlier, and in spite 
even of Descartes’ premuge, the belief continued thar the 
Draio's ventricles were ity parts mont weighty for the mind, 

But all earlier cron were guite orenhuclowed in the 
cighteenth and eazly nineteenth ceoturies by a mew and atrik- 

abernuion connected with the oamcr of Franz Jorcph 
Gall (1758-1848) and Johana Kaspar Spuraheim (1776-1852), 
Hardly anything to of of today seems scientifically lew in- 
viving that that Uae of mistakes known at phcenology. Yet 
Gail was ap anatomist, a man of some sding, and made « 
vertin shaw of evidence by observation, although his evi 
dence was never s0 controlled as to prevent most glaring 
‘Dunder of Indnction. Gall is an example of scientific talent 
‘lmnost brillnnely astray. 

For the bighly original view of these two men wan hat 
the bony elevations and deprestions seen and felt op the out: 
side of the bead indicate a man’s brain and thus bis mental 
‘powers and weaknene. In due time this iden was developed 
into an elaborate method of personal diagnosis and advice, 
1 method which enjoyed some popularity for vocational 
guidance, and which even yet has not quite lor favor io. un- 
privileged circles Its foolth charts of che head are still dis- 
played to the credulous in culamral backwater of our land* 

Phrenology has the distinction of being wrong in every 
particular, and yet right io an important general respect. 
All its detail 21 to the cerebral location, for example, of 
inventiveoos, amativenes, or philoprogenitiveness—indeed 
its very dividing of che mind itself into these powers 0s 
though they were distinc: and sepsrable—all these dewils 
have for scientific pepchology gome by the board. But the 
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gxS TRE STORY OF HUMAN ERROR 
{general assumption. that the superficial parts of the brain 
rather than its deep-ying pars are peychically most signili- 
cant, this auumption by phrenologi bas bed a happicr for- 
une, 1c hes importantly influenced the entire coune of the 
Iuter phyviological peycbology. The value for our mental 
Jide of the cerebral cortex, rather than of the ventricles or 
the pinen) gland, was from now on never lott to view. Later 
studies bave confirmed this general account and are stil! 
busied with clearing up it inherent ruth and ridding it o€ 
its encumbering mistakes, 
ser 

Tr weema fo simple a exatter fot us to tee trees, mart, a0to- 
‘phil, mcn, that it would appear almost impossible ta mis- 
‘take the way in which this is done. Do we not merely open 
‘our eyes, and the abjext there is seen? Yet a most interesting 
armay of errors have been made regarding so simple an act 
a this 

Firmr let us consider an account of the mater given by 
eatly Greeks, who held that we sce 2 tree because a tiny 
enpy of it comes from the object, enter the eye, and thus 
enables us to sce the tee itseil. As to the precise character of 
this copy. opinions difered. Empedocles beld that the object 
{we off sublle emanations of its own scbsance, which en- 
tered the eye. A liule later, Democritas, while also held 
{ng to such emanations, did not believe that it was they 
that caused ut to see the object. According 10 him, the 
object makes a delicate imprenion on the air, like an im- 
‘Prestion on wan and this airimprint, coming to che eye, 
‘makes the objert visible” 

‘But this early account did pot pass unchaflenged by the 
Greeks theauelves, probably the most gifted people, intel- 
lectually, our world has ever had. Plato noted defecs in 
the explanstion, and cured soase of them, by pointing out 
that nothing material enters the body by way of the eye, 
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‘bot only motions: by poioting out lio dhe important part 
played by ight, and by indicauing thar the eye itself is wctive 
when we we" And, stil Inter, Theoplastos (late fourts 
cencury 2c), who sureeded Avisove in AUbens ws x pro- 
femot aod college provident there, called attention to De- 
‘mocrituy filure to expla, by x tiny airdimpriat in the eye, 
‘our power to oer che object in iz full sie and at ita ue 
disance. Moreover, such sirimprin, Theophrastus held, 
are a sbeer absurdity; for air is not like wax; air has no 
consistency to hoki an impression. If it really could bold 
och imapremioas, mid he, we ought vo sce object by night 
1s well as day: for the coo! air of aight alo would take im- 
remions and convey them to the eye. And when persons 
face each otber, the airimprints passing from the fre. per- 
ton to the second wonld clash with those pasting from the 
‘second to the fint, and the clear vision they ectually have 
cof each other would be ipousibie.* 

‘Thete are but tapes of the sharp atcachs made by tater 
Greeks upoo the erroes of theie earlier Rirmmens in attempt- 
{ng to explain vision. Nevertheless the exrly errors lived on, 
anid dhe idea chat a Lite copy of the object passes from the 
‘Object to the eye continued erroneously to be regarded 1s the 
lst word of Greek science on the problem of tight, 

‘Descartes in the seventeenth century, consequently, faced 
the ancient error as though it were sil Living and refuted 
ic afresh. Imagine ourselves tapping our way at mght with 
‘a wa, suid be; we thus would be able to recognize objecta 
in our path—aow 2 tree or rock, now some gram, ud, OF 
water, all perceived by means of the aif in the hand. It 
is clear, however, that the staf does not transmit to us any 
‘aaterial Uikenes of the object. No substance enters the tail 
and, passing through its length, enters the band. Hach ob- 
ject merely causes, ax we tap it, certain different motions 
and resistances in the six which affect the hand—motious 
STiplalten De deanba, 2 Oreck Plaepeet Problemy 2 
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aad resiteances which we have learned to recognite, w that 
they signify to us x tee, a rock, or whatever ele. These 
sigue need not at all resemble the object they signify, even 
1m the word free need ot reseaable a ted! wee in shape oF 
substance. 

Our seeing, for Descarcs, is a mental act of a like sore, 
‘Motions, and motions only, entry the eye—mocians of light 
which of thenuelves my be quite unlike the object we per 
ceive by heir means, but which arc signe > us whose sig. 
niGeance we have learned to know. Thus Desartes laid 
bare not only the error in the belief that objects send copiet 
Of themelves to the eye, but alto the erzor in any explaoa- 
tion o€ sight that leaves the mind out of account and faile 
10 make clear that we mutt earn the meaning of the various 
impressions made upan our éyes by the light coming to the 
eye froca objects, The proces ia like learning 1 language, 

But a partioulat pussle which led prychologins astray Ties 
fn the fat that while we aee ching right side up, the pic 
ture of the object an the retina of the eye, made there by the 
eye's refractive power, is upside down. When the problem 
rented by thie strange uate of things war faced, ic wan 
boldly declared that the inverted image in the eye offers no 
Gilfeulty; indeed, the inversion is necentery to our teeing 
‘ings in their proper potion; uolew the pictuee within 
she eye were inverted, we shovld vee the workd wrong side 


up. 

‘This view of the case, which imprested prychologists for 
4 time, way sefuted quite simply by am expecimencer eho for 
a number of days wore giawed that cummed the retinal plcture 
‘around until it stood righ side up, like the objects i pic- 
‘ured. TThe trend of bls experiment showed that io due time 
and with dive training one could see the world upright hy an 
upright image in the eye. quite a8 well at by an inverted 
image” The inverted image is physically more convenient. 
Optically it is simpler to have it aa. And we have learned 
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to get our mental resufts from it with perfect case. But we 
could quire as easily have got these results fram an upright 
image in the exe. There is 0 peychological need that the 
setinal iouge be upside down. 1c could have heen in either 
position, wo far asthe «sind is concerned. 

Pigvea a lel scoane of ridow bum Dot om the doubt 
and mistake us wo what would be the experience of a man, 
lind from birch if be were at tant given his sight, Would be 
the able at once to recognize by vision alone the familiar 
i im? There were those who wid he would, 
id he would oot. The whole matter re- 
mained io the limbo of mere debate until there could be 
an actual experiment with wach 2 penon, The eatliew and 
‘most famous evidence comes from Willism Cheselden, who, 
sm reported by ica in 1728, eurgically removed a extract 
and made the needed observation. The patient, a boy, when 
‘now he was shown Rit pet cat. wat asked what it was. He 
could nat cell, Nat wotil he was allowed to tonch the cat 
Aid the sight of ic come ta have it proper meaning" And 
later, when Raehimano’s patient was shown a large botde, 
Ihe ead it might be 2 borse! He was twitted on not knowing 
the diffrence beoween 2 bole and a bors, and he sheep- 
ishly answered that it was oot so easy afterall 

‘The paychology of vision has thus run a troubled course, 
1k has through dificalty excaped some of the errom in any 
purely physical and any purely phnvological explanation of 
Aight, aod as come vo recognize how complex and froporant 
J the mental action bere. There isin vision » complicated 
process of learning-mapid learning snd at an ently age 
though ie may be. 
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‘Dreuns have always airred men's cutlosity, and the in- 
texpretation of dreams often has outrun by far the plain 
facta observed. 
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Fotktore i here the beginning of peychotogy, and It Is 
fall of the thought that dreams are a nightly minacle, that 
the sleeper i not having mere vagrant imaginings, but «xne- 
how is aware of a reality beyond himielf. Many x prisnitive 
people fas believed that in sleep the sont vista a distant 
lund, perhaps the abiding place of the departed snceaton, 
and there holds intercourse with them. ‘The dream, for auch 
a belief, is the experlence of an actual Jourey, from which 
‘the soul retuema upon avakening, 

(Or the soul, ivelf not making the far Journey, reccives a 
smemage from tbe distance. In Homer, where folkloce doubt- 
eve is preserved, Zeus may send 10 the sleeper a forma which 
sinaulates some person known to the ove maleep, and this fc- 
titious peo communicates what the god wishes said; and 
for the ancient Jews « dream might have a hidden and pro- 
phetic meaning, it purport being conocaled aa in 2 cipher 
which an expert in such things could undentand The 
dreams that Joseph interpret-of the sheaves, or of the kine 
illustrate this beliek 

‘But im India folklore pasted aver inta a stu’ account 
of dreams, for in Yodia dhere wat an early paychology which 
ia ill to little known ip the Wese. The views offered by the 
‘two thinkers Sankara and Ratnaouga, who in many texpects 
stand in contrast to each other, show error mingled with 
sound work, For Sankara, dreams are quite unreal, are mere 
‘ltaions, as be makes clear in some detail; yet they may 
‘point to realty, aod they support the idex that the relé is 
sxpurate from the body. And for Ramanuga, dreams are 
unreal wod yet ate not illusions, They are marvels produced 
‘by the Supreme Peon ooly, and not by any wish of the 
<Greamer himuelt (thas opposing Freod some centurles before 
Freud coold reply), and ate intended to reward or punish 
‘the soul of the drexner.* 

Bat the Greels wha came Jang after Homer's time were 
ready to Took on dreams with something of a ential mind. 
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Plato muggested various vatural couscs for them, although 
vomie dreams, he scemt to have chought, might be a roeas 
(o truth through divination. But divination he regarded io 
(general aa 2 gift to the foolishaes of men and not to their 
wwindoes. Dreams come whea we are not ia our wits; and for 
sy suitable interpretation they necd a clear use of reason. 
"The virene of Aristotle here lay ehiely in his sbrewd obncrea: 
on and in his ovation, For him dreura are nothing but 
‘Musions, quite of a kind with ee waking eppearance of the 
sun, which looks small even when we know it is large. To 
his mind it is abaurd to aucribe 2 divine origin to dreams: 
and he offer acute naturalinic saggestions to explain the 
‘cational agreement berween dreams and future events.” 
‘From these early attempts to brush off the superstician 40 
ready to attach itself to dreams, let vv come at once to our 
own day, nod particularly 10 the wot of Sigesund Freod, 
‘For whatever the errocs in bis view, he has given to the 
study of dreams x new life, x new dicectioo, Freud apd bis 
followers have imparted to dceara 2 fresh scientific interest 
and have restored soothing of their old practical im- 
portance. The dream is again a sign; but now ic is a sign 
of the past rather than of the future, being an iodex to for- 
(gouen experience and to hidden and thwarted desires. The 
interpretation of dreams thus becomes a respectable scientific 
aim 

Of Fread's questionable statements regarding dress, ont 
may be mentioned. He has an amurance, not wholly nlite 
that expremed in some popular dream-book, that a particu. 
lar Kind of object im a dream has urually, although not 
invariably, a definite and fairly coomant eymbolic meaning. 
“The abjects to which Freud attaches these deGiite meanings 
odlade sais, wicks, treetrunks, doves, and many more. 
But to many sadents who are ready to be led by the tacts 
Pee Rawohe 7p da W. A. Menem, Ansolés Poctlage 
ortega 
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and the ondinary rales of induction, it seem highly doube- 
ful that thew cbjere have mich defiitenea and comity 
of pymbolic meaning in diferent dreams and in diferent 
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‘Closely bound up with this is the specific error that all 
jects have & sexual meaning and motive. Na one 
oobe that sex is of profound influcoce on human 
jaation, both by night aod by day; but it is only ane 
among several profoundly important ofluences. im his 
theory of dreams Freud has kept bis attention away from 
the full circle of fact 
‘The error i any interpretation of dreams by sex alone, 
a well as other errors and omiions in explaining them, 
can perbaps best be dlustrated by conndcring a particular 
dream. One reported by the great Swedish explorer Sven 
Hedin may serve. He and his men at the Gime were in 
“Tibet, where he had wished to pash on into regions that the 
‘Tibetans themueives were unwillong he should enter. A rela- 
Uvely large force of them. five huncired song, armed and 
‘not toa ficadly, were now “escorting” him, causing him 
deep anxicry lest he and his band should be set upon and 
pethaps deszoyed. One night during this time of sain, 
“about an hour after midnight.” he tells us, “I was awak: 
ned by an unpleannt dream"—a dreara “that the Tibetans 
had flung a dead body into my tent. 10 x moment T jumped 
up and struck a light, and found the teat empty; then, 28 
soon at my thoughts cleared, I saw how matters wood.” # 
‘Now Freud might easily offer an explanation of this dreams 
{in terms of sex. Sven Hedio’s own explanation shows, 1 
Delieve, x more excellent way—though we roay feel inclined 
to go farther in the aume direction. He bad been ying, be 
sayy, on his right arm, which bad been wretched out along 
the ground, aod the hand had grown marsb and without 
Feeling: it was icy cold. By chance he happened to touch 
‘numb arm with his left hand, and, as be was only partly 
awake, hia fancy gave his impressions the form just described. 
‘tren Rodin, Court di nd Tibet (Lender, nea Yok ik peat, 
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Quite in accord with the Ending: of wientifc prythology 
today, Sven Hedin bere laya strem on his sensations present 
as he halfalept and on the lack of sensations in his numb 
hhand. And he iodicater that these were mentally elaborated 
{nto the illusion dhet a corpee had been thrown into his tent. 
‘We may now go on one rep farther and inquire why hia 
sensations and lack of sensations were worked up into the 
precise form be gave thems. There were other ways open £0 
‘his dream imagination. Why did he not dream, for example, 
that one of his own men had thranwn « piece of ice into the 
tent? Or why por the drab commonplace of a dream that 
the had unrux his hand into x Basin of cold water sear his 
‘bed? ‘The reuion agaiost such tame imaginings lay in the 
special force behind the dra, which in this case was the 
Desetting fear of what might befall hus party and imsef, 
‘Anxiety for the safery of hin men and bimgelf here gave to 
this dream ies special dramatic form. There is no need to 
anunbute ex to it 

Or again, when the dreaco ful6lls a with rather than a 
fear, the wish may not be of sex at all. In a certain orphan- 
age, lor example, che children often dream of having a home, 
‘The desite bere falfilied is not sexual: it in desire, rather, 
for the place and nmroundings of chikiren more fortunate 
than themselves—for house, home, brother, sistery, com 
‘panionship, aod affection: for these literally, and not for 
some dark thing that mart cot be alowed to come to can: 
sciowses, that tay not even be self-confessed and of which 
the actual dreamobjects are but symbole 

It isan error shown to be an error by cateful snudy, then, 
that dreams have only one motive, that of vex, They have 
‘this and many other motives, even as ou: imaginings by day 
bhave many motives. Freud oresimplifed the cruses of our 
dreamy and thereby grevely minterpreted many of them, 
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In the very extly days of Occidental peycbology, the quet- 
tion why some creatures are more intelligent than others 
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‘was anvwered by naming « particolar substance whose vary- 
ing mount o mixture in the body camed the dillerence. 
‘The air in the body, as we have already seen. was given the 
pplace of fit importance by Diogenes of Apollonia. And it 
ia the character of this wir in the body, according to him, 
‘that explains why cen are more intelligent chan animale 
for animals breathe air that oomes from the earth, be mid, 
‘while men bresthe purer, drier ait. An exces of water thus 
‘was regarded as an obsuci to intelligence, which explained, 
for Diogenes, the low ebb of understanding when in one’s 
cups. And young children are impetuous and fighty, be be- 
Jiever, Becwuve the air is expelled from their mall bod 
and they are overmoist™ 

Soch things were said even by acute Greeks, Bot shia was 
in early times. Later acute Grecks maw the crudlity of such 
‘account, To explain the diference between mea and xi- 
‘mals by the air they breathe iv childisb, said Theophrastus, 
HE the explanation were true, said he, our intelligence 
‘should change when we go to another climate, nd moun- 
‘wincers should be brighter than Jowlanders, and binds 
should tmrpass us all "This wafecling ereatment of an honest 
bbluoder reaminds one of the fate that befell an equally crude 
blunder of a Tater day. Phorphorus, it had been suid in the 
rineteenth centary, it » most important mibstance for the 
tora; and this explains why fahermen are roore intelligent 
than farmen. For thry ext much fh, wbich contain much 
‘phosphorus. William James diamines this ioexpert theory of 
intelligence with tbe laconic remark, “All the facts may be 
doubted.” 

‘And now a to the size of the which fas been 
‘thought to be x mos important sign of intelligence. That 
the brait’s size is the prime factor in determining a man's 
intelligence is cleacly 2 mistake. It i true there is a alight 
‘onnection, seben large groups within the smc race are con 
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dered, between the sverage intelligence of che group xn 
the average brainwelght of the group-a fact once mied 

‘yours for women. Bot such a fact cells nothing of the 
individual. Mex of high intelligence have bad small brain 

—Eramnus, for cumple—aod men of low intelligence large 
brains. And én some of the lower animals—in the elephant 
and the whale—larger brains are found than in men. Nor ix 
the error avoided by mying that the important feature ia 
sot the brain's absolute size, but its aie relative to the body 
‘an argororat fovoring worsen: fx in proportion to bet 
ody, which is amaller than man's, woman has x slightly 
larger brain than man's, Unforunately, cerain rodents and 
monkeys have brains larger in proportion to their small 
bodies dan even women bave. 

‘The shape of the Brain in normal har sisilacly 
ollered n false clue. The lang head, ooe hewed some years ago, 
‘moarks a more ioteigent peroon than does the broad head, 
‘But no support bas been found for this by careful survey, 
Indeed, any attempt to derive intelligence from the mere 
ize or dhape af the brain, and without emphasis on the 
Gner seructure and cota} organization of the brain, should, 
according to our present Knowledge, be counted mistake. 
‘The whole matter is will obscure Native intelligence, it 
‘baw seems probable, is importantly linked with an obscure 
ddference in the native conmitution of the beain; and xc 
quired inteligence, or undermanding, is connected with dif- 
fereace in training. and expecially with the traicing due ta 
‘the social environment. Beyond this marrow circle af light the 
arknew deepens and all manner of false ssertions are ear 
‘made. So much for our fat question about intelligence, why 
some creatures are more intelligent than others. 

‘To a second question, what i the source of al} much 
Knowledge as we have, two main answers bave been give. 
‘All our ideas, it bas been sid, arise from sense-impresions 
‘on gut eyes cars, and other senses. Such was the belief of 
“Thomaa Hobbes (15881679). But Joho Locke, alo in the 
seventeenth century, coved the defect in thir account, 20 
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deat to many even today, by pointing wo the many important 
ideas that come by observing our own inner activity, espe- 
ally of thinking and of willing. This Locke called reer- 
thon, All our ideas come from experience, he held, but ex- 
perience isnot wholly of the senses; we have an inner exper 

‘ence, a power of inmer obeervation, na weiL® 

‘That the senses are our only source of Knowledge has been 
denied also on other grounds, Plato fad insated that certain 
‘of our ideas cannot bave arisen trom our senses only, We 
have an idea of a petlect circle. for example, which our 
eyes have never seen, for every circle actually seen it alwaye 
in vome respect imperfect. And Descartes in modern times 
‘wan confident that our thought of God must have been fm- 
planted io the mind by God himself, as 2 mark of the work- 
‘man impremed upon his work" 

‘But au itis an error to suppose that our senses give us all 
the knowledge we hive, so i is an erzor ta suppose that ary 
Iknowledge is given us quite without our senses or inner ex- 
perience. The clearest light we have today is that none of 
tus at birth is supplied with ideas ready-made, or with ideas 
‘undeveloped bat ready to develop of themselves, regardless 
of the actual experience we may come to have, Impressions 
‘without o¢ within are indispensable. 

‘Bat these impressions are not enough. Unless we had the 
[power to give to our imprestioas x form or organization not 
inherent in them, we should be without the knowledge we 
uve. 

‘Two things are needed, thea: impressions and the inner 
power to give them form or patterning. The error in hold- 

{ng to either of these factors alone was clearly announced by 
Immanuel Kent (1724-180), who was both peychologiat aod 
philosopher. And the power in us that he indleated, the 
‘Power to give form or pautern 10 onr ienprestions, has been 
fan object of special prychological wudy in receut yen 
‘twp eoeernng the Fionn Ondersading. Beck Ti, Chup +: irks 
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indeed, has been the cornerstone of a “school” of prychology 
Known a4 Gestalt paychology. By mupport of novel experi 
‘ments the peychologists of this school have accented the 
peculiar formative activity wo be discerned in pereeption 
and in other Functions of the mind, 

Tn agreement with Locke and all his followers, we now 
‘an detec: the error in any account of knowing that omits 
sensory and inner expericnce. With Leiboitz, Kant, and the 
Gextalt paychologins we can detect the crror likewise in any 
aseount that fails to include amoog our many meal att 
ties these organizing powers. The truth here docs justice 
10 twa haléeruths and allows us to see that knowing is a 
complex whole in which there are contributions both fem 
four tenses and from an inner activity nat to be identified 
with our senses, not to be identified even with the somatic 
scrurs hidden in our muucles, joints, and other inoer parte of 
the body, Orgunined thinking, such as whe scientist carrix 
‘on, depends on certain things which are not born in won 
‘external stimulation and on the sensations connected with 
this stimulation. But it depends alo on cerain powers which 
are inoate—an the innate sensitivity to Tight, Sound, abd 1 
fon, and on the innate activity by which our seoaaions ate 
riven omer aod raeaning, Wheaever peychology has nog 
lected either of these two groups of fartors—the factors tat 
‘eve innate and those which are not-it haa been io error. 








‘We have just bad before us our power of sense and out 
[paners to organize into expetience apd acienre the venaations 
arising from our senses. And this may Bring us to the mind 
48 a whole, the present idea of which baw coupe vp through 
‘ouch tribulation. 

‘To begin with, aur mental lite is of far wider compast 
thang vent once believed. For it had been stoutly held mat 
this mental activity of ours was quite open to inner aber 
tion and included only auch acn as we could divecty notice 
‘thea, This idex is now almoat completely displaced by the 
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‘conviction that even the most expert olecrver of himself 
‘an give no adequate report of what goes on within him. Of 
such that occur im his mental life be ia immediately quite 
vmaware, and be can only recover it, if at all, by eircum- 
wantial evidence. Let me iliograte this. ‘The phrase “Guinea 
ig or babies” came to my miod one evening, I knew not 
fhow, But the nexr day I noticed a poster I bed passed the 
dday before, rized againut “antivivisectioniats,” x poster bear 
ing the phrase just quoted, und which kad myvited me, 
Now T muse have seen the words the day before but quite 
without noticing them, my attention being then on other 
thing. And this unnoticed experience, om the very margin, 
‘of consciousness, caused the phrase to appear, hours later, 
in the field of way attention. Or aguin, the motive for wme 
[prectial decision may cake its form from a Tongotten kind- 
Test or slight, now quite aut of reach of observation. Only 
‘by indirection, by use of hypootiamn or word:astociations, oF 
‘by means of instruments that record the pulte apd blood- 
‘prearure and breathing. or by the delicate evidence of gal- 
‘vanometer or chranoscope, do we lay bare the evidence for 
1 bost of deep connections which quite elude the direct 
notice of the perioo in whom they exist. 

‘Bur to accept subconscious factors it » dangerous businem. 
1 invloces some persoas to accept a whole brood of current 
{ideas about the “subeooscious self” or “the unconscious.” 
Popular awerons inthis region now go the roams amer- 
tions which are highly imaginative, highly colored, and wit 
‘tx red of eientic evidence for their truth Tp protert 
agulon these wild imaginings there are prychologists who 
‘would almoet die rather than yield ap inch for suboonsclous 
mental happeoinga But the ancient belief that menal sc- 
Uivity ts only much actviey wwe can directly notice become 
‘more and moce ceerly an ertor. The evidence against it fo 
creases daily, showing that peychologically we are far more 
‘complex than once wax thought, that exch of us ioclodes 
an unnumbered bast of evenss and forces which are quite 
‘beyond ous direct observation. 
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‘A. penon, moreaver, a1 we have now come to tnow, ix 
not ia inelligence only, nor his glands and muscles onty. 
‘Hee nurely inclodes these, but these are pat ali, not are they 
sil chat is imporeanc. He has alio bis sclviies of Liking and 
disliking; be has desires, sentiments, realy wo be expressed 
in anger, feer, sorrow, ox aficction; he has, perhaps above 
all, bis onpniaing xime, ble purposes Acts of intelligence 
fare woven into these, but bese other operations which are 
primarily not jotelletual are, in corn, woven into our acts 
of inzellect. The peron has, in this direction too, 2 mare 
‘varied constitution thao many have believed. Not only does 
‘much gp on in him subconsciously, but much alsa goet on 
(of which he may be fully aware, but which bas « wructare 
and qualicy quite diferent frow acts of iotelligence pore 
and iople. 

‘But in wening away from an account of the individ! in 
which he appeared to be chiefly « creature of intelligence, 
another factor has coese foto promainence, For many writert 
in recent years vex bas seemed almost the sole force in human 
life. The idea that vex dominates our drearas appeared far 
from true, we have seen, in the light of fuller evidence. The 
still larger ervor is that the sexual passion rules ot only 
‘our dreaming, but our thinking, our feeling, our emotions, 
‘and our putpones, 

Shellshock io the World War and other forms of evidence, 
hhowever, have made um recognize bow wide of the ark 
uch a theory falls, Penons display, Srat and last, a wide 
acray of motives, iocluding a desire for musculas activity 
and reat, a bunger for foo and drink, a curiosity for much 
that it quite apart froca sex, a Jove of hunting, adventure, 
and companionship. A can can be trained 10 die for his 
country, oF to risk his Tle to pot oot a neighbor's fre, or 
‘to be the lan man to leave his sinking ship: and in a wore 
cof other ways he may show bow veal, relatively, even 20 
rong 2 motive a sell preservation enay be, The person at 
2 whole umally fs far more complex chan is dreamt of in 
‘this andy imssteoce om sex. 
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Finaly, ove is tempted to inquire what is the relation of 
the mind as a whole to it particular functions, We face here 
a Tiving question wo which poychologiats give contradictory 
eonelusions, both of which cannot be wholly right. 

‘An older peychology, now keown as “faculty peychology.” 
regarded the mind a1 1 fairly loose aggregate of dintinc 
‘euler, mach as memory, imagination, and reason. Phrenel- 
‘ogy, 28 we bave seen, amigoed these and 2 score mote of 
‘culties each to its distinc: area of the brain. And the down- 
{all of phrenology, which was a special outgrowth of faculty 
yehology, belped to discredit the kind of paychology that 
Jad given phrenology birth. At the present day scientific 
prychologius to a man have renounced faculty paychology 
And all works. The mind is not an aggregate, a mosic, af 
large powers, like memory, imagination, and reason. 

‘But is it an aggregate of sal) powers? Ie ita composite of 
power more restricted, more nearly simple, Uran chose just 
‘uamed? There are peychologiets today who believe oor 
‘mental life isa composite, even at there were those in Greek 
Paychology who held this view-a view held at a far later 
ay by the “amociatiooins” in England. In considering the 
source of our ideas some pages earlier, there was noticed a0 
inner power which gives form to out sensations, organizing 
thera, setting them in order. For uhis reason today paycholo- 
‘gis are less inclined shan once they were 10 explain our 
ull eneoral life by means of sensations and their asociatioes, 

‘An analogous view, however, today finds favor in some 
quarter, Initead of mew on sensations, wrest now 41 lald 
on tmuscular reflenes. Reflcces are today regarded by some 
au the sale material out of which all our betavior it com- 
poscd. Each of ws, according to this acconnt of the person, 
ina composite of reflencs which ave united by a proces called 
“conditioning.” Instead of being 2 multitude of amociated 
semations, as once war held, we are thought to be a mult 
tude of conditioned reflexes. 

‘There is, bowever, an account of the mind's constitution 
‘which ia fundamentslly oppored to this, While this opposed 
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‘sccount accep wholeheartedly the fact of sensations and 
‘their awociations, and accepts wholebeartedly reflexes and 
‘heir conditioning, it belleves there are evident fac beyood 
these and uot to be explained by dhexe alone. Instead, the 
‘mind is reem to be not 2 composite at al, but a whole which 
display an alost eadlews varity of operations It isa whale 
which may, when diseased, become disorganised, at tisaca 
profoundly disorganized into what are called dissociated per- 
sonalities. But even these deep disruptions never result in 
completely separate persons. The individual. mind and-body, 
‘with all his ensions and dissociations, al sppears a living 
whole. Normally ont various fuactions vitally affect ont an- 
other; they interlace, they axe interdependent. 

Paychology announces no decision us yet between these 
‘opposing disputans, Which of them stands for the truth 
sand which for error is undetermined. They are in the Tits, 
‘they tile today and tommorrow. But the outconne is fairly clea. 
Already there is experisental evidence to iodicate that the 
conditioning of reflexes has a quite restrict fie! and by 
‘no means explains everything Not does it require a see, it 
would seem, to foretel the downfall of any account of our 
rental life ws « whole thet fails 20 do justice not only 10 
four relatively elementary functions, much as weastions, re: 











flexes, and their awociations, but als to thove peculiar func: 
tions which appear in reasoning, in holding to a conscious 
pPurpore, and in applying waamdards of value to all wach acts 
fof ourt At a builder takes brick and stone and gives thera 
fan architectural forma, ao there are forces In the individual 
which take his sensations and reflexes and organize them 





In this devious way paychology moves toward its far-off 
seal of scientifically underecanding our mental if, ita struc- 
‘ture, its fonctions, it springs and consequences. Their own 
errors should be stodied by peychologins. But these wan- 
dering: bave not been like the wanderings of one who bas 
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100 goal nor any sense of the general ditection in which be 
‘must prem on. The mintakes in poychology—tike thor io 
‘other wiences, I preaume-have their thyme end reuson. 
‘They ave such a are powible omly where there is inteli- 
rence, where there is guiding and intelligent purpore. They 
pring from thoughtful curicsty inacently questioning. The 
ceroct arise in approximations to ehe roth, che erzor’ ize 
being gradually lewened. 

“The errors size ix leatened, but not theit mumber. Par 
doxically, prychology—like other sciences, I imagine—mahes 
2 larger nuraber of mistakes todsy than ever before. 1 asks 
moe questions. For every question in peychology ased by 
the Grecks we ask x thourand. And the number grows. Every 
discovery breeds ten dew problems And every new snmwer 
‘is Whey to be im some measure » mistake, 

In genemy, then, more bluoder of muailer sxe, And with 
‘them more trinhs and larger ones. The yearly balanceahert 
shows a prof. But there is no grester error than that pry- 
chology Bow moves in clear enuth, where eatier ic moved in 
blind error. Ic always has moved in both, and always will 
But our opporunicies of discovery are better than ever 
Dbelore. Mote paychologista, beer trained, are at work, They 
‘ue better technique. The experimencal methods and the 
vatinical methods greatly add to dhe power of the scienoe, 
‘And each of these methods is daily refioed and resbaped 
lor the special problems of the Geld. New devices reduce the 
size of the errors that stise from pertooal prejodice and 
precipitance. And while there will pechaps always be a 
lunatic fringe to paychology, and a rebellious fringe and a 
reckless fringe, yet the centzal ape province is enlarged, ex- 
‘ending our knowledge of the most important object open 
to science—the mind, and particularly the mind of man. 


Section V 
THE APPLIED REALM 


Cxarten XI 
ERROR IN socloLoGY 
By Harry Elmer Barnes 


IT ISPROBABLE that error ar been move nfe ond prevotent 
in sociology and social thought than en any other of the rlencet, 
Aly has been due én large part to the complex nature of the 
Inumediate axvocation with nanrly every type 
‘oud fesnon. Socioiogy imaohies nick 
ratte as the origin and nature of man end hasten otipings: 
the rise, character, and excellenciet of the sariont format of goo 
samiment; the evohution and mature of moral rytemu; the pesti= 
billy of improving humax socvety; the efect of biolopeel, 
Dachologica!, grogphucal, and economic factors upon man 
‘tociaty; and the réle of the supernatwral és social control. 
‘Much of the speosic knowledge that is necesstry 10 carry om 
a sennifc study of human sonety her become ovsilable only 
fn the last halfcencery, and it if lt inadequate in many re- 
specie, Yat sociological thought goes back 10 oh extreme a 
‘iguity. Mout of the generalizations concerning man and society 
‘rion to the rwentieth century were dated on conjectural prem 
‘ber, though here and there the sheewdneat and anéuttton of one 
rmcial philovopher or another approsched the truth. Moreover, 
tar errors in all the special sciences that weve drawn upon By 
sociology were lahen coer and revoked into the development 
Of socrological thought. For example, the mythe respecting 
‘Auman origins, religious rationetzations, Biologics and fy 
‘chological errors with rapect to the nature of man, political 
‘trot and Prepudicer, hictoical mistake, and the errors end 
exaggerations of seudente of astrology and geogreph, all found 
‘heir place in the duilding up of the social thought of the prt. 
Preceding chapters in this volume provide « veritable arsenal 
of facts which explain the prevalence of rot during the grocsth 
of the science of sociology. In our treatment of sociological 
“ 
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«ror we shall combine the chronological and topical methods. 
‘We shall consider the major types of erzor in w roxgbly chromo 
ogseat order as they appeared daring the history of sociological 
‘thought, But we shall bring the treatment of exch topic dow 
me dav, 








E MAY CONSIDER fint the error connected with 

sociological doctrines bearing om the origin and nature 
‘of man and buman sociey. Barty socal thought accepted the 
Prevailing myths with regard to the origin of man and his 
creation by a divine art in the relatively reeeat past. Social 
philesophy among Jewith and Christian thinken tack over 
the Biblical tale recorded in Genes, which placed the crew: 
tion at xbout four thowand years belore Christ. Oriental 
‘thinkeru and pagan phulosaphers very generally accepted 3 
coxuparabic view of the recent origin of mankind as a revule 
cof divine creation, Indeed, we now keow that the Jews and 
(Ghrintians derived their views of the origin and destiny of 
man from the Babylonians and the Persians. $o far as we 
Aunow, only a very few clamical thinker, much ax Plato and 
Lucretius, powessed even an inkling coocerning the Jong 
bbuman past and the gradual development of man and buman. 
{insitutions. It was noe untit the nineteenth century that the 
tclences of physical anthropology and prehistoric archeology 
‘ve us ao sccurate and substantial picture of human erigins 
sind developeneat. 

‘The supernatural hypothesis concerning the derivation 
cof ramn himself gave color and character to most of the early 
thioking ia regard to the origia of buman institations, The 
latter, like man's physica! being. were supposed to have been. 
the product of God's creative ingenuity. Religious imaitu- 
tioas, moral entems, and governmental form: were believed 
‘to have bern devised by the gode Primitive man auributed 
the whole coxplex of social imitutions to sopermetura in- 
tereit aod intervention. This bypothesia was elaborated in 
‘nisorie timex; but the general nature of tbe interpretation 
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‘remained the vame, whether amang grimitives or among the 
social philotopbers who rasionalized snd detended the 
Recoaa Catholic Church aod the medieval Holy Roman 
Empire. Jodeed, this view will Sind twpport, not oaly io 
popular belief, but in the works of erudite apologists of the 
ruperataral view of things 

‘Very eatly, however, certain social philosophers began to 
‘conceive of social institutions as a product of conscious social 
invention. One of the earliest of rach doctrines was that ak 
sociated with what we call the “social cootract.” ‘This ap- 
peared firt among the Epicurean. philosophers of ancient 
Greece, They held that man bad established government be: 
‘cause he perceived the direct utility of orderly political re- 
lations, In the later Middle Ages and early modern times it 
‘ame to be believed that nat only goverament but aia socal 
inmtitutions as a whole had been created by the conucious 
will of man. Pethape the frit co soggest thie idea was the 
bbumanist Pope, Prus 11, Enews Syivius Piccolomini (1405- 
1464), who provided. bowever, espe scope for divine direc- 
on. 


‘According to thie view, which was elaborated in the seveo- 
teenth and eighteenth centuries, mankind had originally 
lived ia a “wate of nature” without any authoritative form, 
of vocial control. Thi worked well enoagh until che rise of 
property. Then, however, came the traggie to amaam reater 
material powewioor, she anarchy apd urife Oat resulted 
made the sate of mature unendurble. Hobbes beld that it 
meant the war of al againee all: bit oftciced watement was that 
the life of man in the sete of nature became “poor, nasty, 
Drutah, and shor.” Such a wate of alli Jed more thought 
fal perioes to conser the pomibility of exaping from this 
imolerable situation by esabliahing civil socieny, which 
‘would bring about law and onder. This deliberate determina 
tion to create orderly social relations is know in the hissy 
‘of mortal philomphy ax the ancl contrac” But it was far- 
ther necemary wet up 2 specie form of government in Order 
‘to make good this desire to auain peace and order. Hence a 
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recond contract followed beeween the governing element and 
the governed macs, which is koowo as the “goveramental 
‘consract." Thus it was held that sociey and goverment were 
both the aurgowth of man’s deliberate decision to excape 
from anarchy and to establish social order. 

“The clauical satements of this socialcontract doctrine 
are amociated raainly with the onset of Richard Hooker 
{135-1600}, Thomas Hobbes (13881679), Samuel Pofer- 
dost (1631-1694), Joh Locke (1630-1704) and Jear Jacque 
omseau (1711-1778). Even in our own day the French 
sociologist Alfred Fouiliée has insted that all soci} relation 
shipe and institutions reat upon a contractual basis, either 
real of implied. As it well Kove, this socil-contract Wea 
‘was ured as the junication for the right of revoluuoo 
[preached by the liberal philosophers of the seventeenth and 
‘eighteenth centuries, 

"The socialcontract theory was Smt comprehensively and 
vigorodly asailed by the brilhant Boghish philosopher and 
public David Home (1731-1776). Hume cvticied it on 
‘both prychological and historical grounds. Psychologically 
the doctrine was untenable became it implied knowledge 
prior to experience. Tt asmumed that men who had never 
nown the advantages of government could be conscious of 
these advantages end seek to secure chem. From the historical 
ppoine of view Hume insisted that the socizlcontract theary 
id vot square with any observed facta He challenged its 
supporters to show one single instance in which society and 
government bad teen created by a dcliverate act of the 
{ocial will as exprewed in m oontractmal relauonship. Hume 
declared tut society arose from tbe aocia) instinct of man 
and that governments originated most uualy io force and 
‘war. They might be supported io time as the revult of 2 
pperceptian of the wility of government, but ia the beginning 
they were a product of auperior force. Subsequent writers 
have expanded Hume's criticims but have added nothing 
mabsantial to them. 

‘Hume's attack an the social contract was sufficient €0 cx: 








xRROR IN socioLocY 351 
pote its glaring theoretical errors at well at its Tack of hit 
(torical foundations. But the theory noc only dominated 
social thinking for several cencuries: it also hat a large in- 
fivence in the realm of practical alfa. The Engiuh, 
‘American, and French Revolutions dervved Uieir theoretical 
foundations end jusificwion fom the socalcontrect doc 
‘nine. ‘The American Declaration of Independence embeded 
2 condensed vertion of the notsn. 

‘Another popular prescientifc view of the origins of social 
and. poktical ingitutions was that which attributed the rise 
cof arécrly society to war and the application of physical 
force. Thus interpretation of social and politcal ongins wat 
hinted at by tbe Roman Epicinean phewopher Lucretius 
(ire ceatury wc); it was defvitely stated by Thomas 
Hobbes, who held that the state might posubly arise from 
the application of phyncal force as well at in a volumary 
contract. Hume's pottion that the sate onginated in war 
and force was also that of the Scotch pilosopher Adama 
Ferguson (1723-1816), especially ic hia ootable Euary on the 
History of Crest Society (076), which elaborated the thes 

‘Annew and powerful impulte co this interpretation of social 
and political begmmngs followed upon Darwin's formula- 
‘ton of hs theory of osganic evolunon through the operaiton 
of the principle of the struggle for eutence. A school of 
‘writen developed the doctrine kooves 2s “socal Darwuinm.” 
They held that war plays the aume réle in social evolution 
that the struggle for existence oczupics in the evolution of 
fndevdoals and pecies, Hence there was a tendency to praise 
‘war ox » major factor m social progees. An early and bniliant 
upholder of this position was the English publicise Waiter 
Bagebot (28161877), whose Physics end Police (1875) wat 
1 frank effort to apply the principles of nauural sclecion to 
secial and political phenomena. More elaborate were the 
writings of the Austrian juris: and sociologist Ludwig Gust 
Plowict (1838-1909). who is regarded as the clasical expo 
nent of social Darwinisn. He laid special stew upon the 
putt played by war io the establishment and mutations of 
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‘tates. Gumplowicr was a serious and imporeant writer, but 
4ecial Darwinism soon degenerated inta a Vulgar detense of 
the war eult in the writings of Geoeral Friedrich vom Bert- 
bard ia Germany, of ). A. Cramb in England, and of Hud- 
soa Maxim in the United Sates 

‘While there oan be litle doube that war played & pre- 
dominant rdle in the creation of early sates, ics place in 
vecial evolution was greatly exaggerated by the social Da 
‘winista, They were expeciay in error in contending that 
biological proceses and mcchanlons may be srumilerret 
rectly to the vocal realm without due and proper qualificr- 
tons Indeed, even biologists have come to lay Jem stress 
‘than Darwin was want to do upon the part played by the 
struggle for existence in the development and alteration of 
speciea. Moreover, the social Darwiniss failed to understand 
that, however important war may have beea in the exrly 
days, i¢ bas now become 2a anachronism and 2 menace. 
Finally, they were wrong in their contention that man is, 
‘by his physical nature, exclusively 2 Gghtog avimal. The 
‘weaknesses of social Darwinism were rothieatly expoted by 
pacific sociologins, expecially Prince Kroporkin, Jacques 
Novicow, and Grorg Frietrich Nicola. These writen have 
stremed the importance of mntual xid, sympathy, and vocal 
inatinct, and pexceful commercial relations in the emergence 
‘of woeial and political institutions. 

‘At the opposite extreme from social Darwinism lay the 
‘Views of those writers who held that society arose primarily 
fut of the socal ininct, which rested in tum upon an 
innate vense of eyrpathy and altruisc:. This view was fint 
expounded by Hume and by his contemporary Francis 
‘Hutcheson (1694-1746). It was mast elaborately developed. 
‘in early days by the great economist and philosopher Adam 
Sarith (1715790) in his Theory of Moral Sentiments. 
‘Smith's views had a profound influence upoo the eminent 
‘Acperican sociologist Franklin Henry Giddings (3855-1931). 
‘The later derived the Fundamental prychalogical fact in his 
rymem of sociology, namely, the “consciousnew of Kind," 
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from Smith's docrine of reflective epmpathy. The rsoet 
‘thoroughgoing exposition of the aDleged sympathetic base 
Of social relatiouships appeared in the voluatinons work of 
the Australian philosopher Alexander Sutherland, The 
Ongie and Growth of the Moral Instinct (188). Cloxly 
‘elated to this interpretation was the ecophasis upon mutual 
1d, codpcration, acd altruisea by Ube pacifstle writert above- 
woemtioord, Krupotkio, Novicow, and Nicolai. 

‘This group of writers who extolled symapathy and coSpera- 
tion erred, like the wocial Darwiaists, af x result of their 
‘one-cided emphasis upon a potential trait in buman natisre 
and social development. They went to the other extreme in 
denying the latent pognacity of man. Soca) scientists today 
rejext either extreme interpretation. They recoguine that 
man is not jamately warlike or pacific. His bebavior is the 
retult of response to xisaulation, and he is capable of ex- 
tensive adaptation to particular forme of conditioning, He 
‘an be conditioned by training to become 3 belicote mper- 
patriot or 2 fanatical pacifet whose cheektuming reaches 
the point of exhibigionia. 

‘The social Darwicisas were not the only group of socio- 
logical wnters to attempt to adapt the doctrine of evolution 
to the explanation of wocia) development. An even mote 
famous school, known at the clauical evolutionists, sought 
10 apply the evolutionary formula to the explanation of all 
‘phases of social development. They assumed chat social dev 
velopment proceeds from the simple to tbe complen in 
‘euentialy che eure fore the wotld ovet. They were the frst 
group of writers oa social origins to be dexply affected by 
the new atchzology and anthropology which had revealed 
the great antiquity of man and human instiruons. They 
‘believed that social evolution passed cbrough exsencially the 
ame stages cretywere on the planet. 

Instead of carefully atmdying tbe data in advance and try. 
ng to find out what had actually taken place, the clic! 
‘evotutioniaw took for gransed the validity of the evolutionary 
Ihypothesis when applied to burnan sociery and worked ont 
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11 preconceived scheme of wocial development. They then 
sought for information, from whatever source, that would 
confirm and itlumrate their scheme of social evolution. They 
held, in general, that men were originally grouped in small 
and disciplined societiesbordes. Then came kinthip or 
gentile socieyy, in which relationships were frit traced 
‘rough the mother. Finally the part of the father in prom 
‘creation was discovered, and this, together with oer factors, 
led to the development of patriarchal society, in which re. 
Jationships were traced through the father. In doe time 
Kinship socisty wan replaced by the origion of evil society 
and the sate. The outaanding wricers of this echool were 
Lewis Henry Morgan. (18181881), Herbert Spencer (:84- 
1903), Andrew Lang (1844-1912), Sir James G, Frazer, B 8, 
Hardand, J. F, McLennan, Chaties Letourneau, and Julius 
Lippert. The damic work was Morgan's Ancient Soctaty 
(1878). 

‘The devasatiog criticism of his early type of historical 
sociology hat been mainly the work of Franz Boas and bis 
<isciples, who extablished critical anthropology in the United 
States 16 the fine place, they showed that the evolutionary 
sociologisa were unsciectiSc in their method of procedure: 
they had reversed the sequence of wcientiic method and were 
‘asentiatly deductive io thetr approach. In the second place, 
Boas and his disciples put to test the specific theories of 
evolution presented by the evolutioniss and showed that 
they did not square with the actual facts drawn from) a careful 
study of primitive society. They proved, for exumple, that 
there it litde evideoce that mother descenc ever preceded the 
tracing of descent chrough the fathers and demongerazed that 
ft in very rare indeed that a syrem of tracing descent through 
mothen has ever been canelormed int one of tracing 
ancestry through fathers? One of the most important con- 
tmbutions of this critical school to our understanding of 
Lars Praca Samy Qe te teh shad 8 emperor 
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social origins lay in its emphasis upon the complexity of 
primitive wocial groupings and relationships. They showed 
‘that there iz uo wich order and uniformity in primitive social 
organization and social developments as the older evolution- 
ary schoo! had amerved. 


Clouely related to the errors cotmeded with sociological 
‘views of the origin of socity and the atte, expecially to those 
of the contract theory, was the notion of the “state of 
nature” This implied the belief that there had been a long 
period of human existence anterior to the origin of orderly 
focal relations. Man had then lived without goverument, 
inw, o fixed moral codes. ‘This conception fint arose in 
sytematic fashion among Greek and Roman social philous- 
hen, who grnenily identified the mate of nature with a 
‘woumed exrly “golden age” of asmkiod. It was Girt clabo- 
rey er ye Raman plop Ses (ion cen 
He believed that life in the mate of mature wat 
se tie ral rapped shes popesy Wet 
Christian writers came in contact with these pagan theories, 
they tended to identify the pagan golden age with the Biblical 
concept of the bliwful sate of man before the temptation 
f Adam and the Fall. The pagans had held that the olden 
age of nature wat destroyed by the origination of property. 
‘The Christian writers held that the destruction of priwne 
{elicicy was the tesult of expulsion from Paradise. With these 
quuifcations, medieval Chritinn weial philosophers tended 
‘0 carry aver the pagaa theory with respect 10 the tate of 
mature, The doctrine reccived its mow thorough develop- 
ment, before Rouneas, io the writings of 2 Spanish Jesuit, 
Juan de Mariana (15961524). 

‘We have already called attention to the basic dependence 
of the socibcontract theory upon the idea of the sate of 
nature. The writers of the contract schoo! differed somewhat 
{in their views of the character of human lfc in the wate of 
nature. Soxie, like Hobbes, beliceed that it became tterty 
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fnmlerable ax a result of the stroggia: for domloion and 
pomession. Others, soch as Pufendorf and Locke, held chat 
fxistence in the state of mature was incodvenient rather than 
‘usendurable. It was this inconvenience rather than abvolute 
neceatiry that led to the social conmmact and the termination, 
of the state of nature. 

‘Down to the period of explorations and discoveries follow: 
sng the voyages of Columbus the socalled “narural man” bad 
been mainly 1 product ef the philotopher’s imagination. 
Few had seen any eager, and even fewer realized that 
savage life was the prelude to developed historical wciery 
‘Then extensive geographic and commercial expeditions 
‘brought Europeans into Sre-hand and widespread contact 
‘with primitive peoples all over che world. The socalcontract 
doctrine was expecially popular at this time, and writers 
‘eagerly accepted the storie relative to the newly discovered 
[Primitive peoples as a veritable confirmation of the actual 
‘exisence of a tate of nature. Te philosephers believed that, 
At lat, they had surprised che tarura} maa in hia true habitat. 

‘This, In turn, led to the Deat-wonhip of primitivity and 
the supposed virtues of the noble savage which are popularly 
‘enocisted with the writings of Jean Jacques Rowseay and 
‘with the seotiental aBectation of the French salons of the 
cighteenth century. Sach veseration of savage Lie is cur 
‘tomanly referred to in historical and sociologceal literature 
‘© “primitivism.” There has been contiderable error. how 
eves; in interpreting Roumeaa’s actual views about the 
‘virees of savage bie. It is true that he considered the life 
‘of the savage preferable to the existence of civilized men of 
bis own day. But, as Schinz and Lovejoy bave made dear, 
‘Roumeau did not maintain that the life of the wvage was 
the mont perfect that had ever been enjoyed by man. He 
‘believed that the ideal period of tauman existence Wat that of 
‘patriarchal society, such as thst of the Biblical patriarchs 
‘Abrahauo, lane, sad Jacob, 

Dizectly smsociated with the wateofoature doctrine was 
Gee related theory of natural law. The notion of a socio- 
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logical law of Natare it an old oar; it goes beck to Socrates 
aod the Stoic. But in the early madera period toe concep- 
‘woo was cari and telaced snore clove ta epecisc political 
‘and legal applications, The law of Nature was regarded as 
the body of rules and principles tat bad governed men in. 
prepoltical days. Natural law was che norm by which to 
tet the soundoew of civil laws that were drawn up by the 
‘government after the wate had been esublished. The stare 
should not terminate the law of Nasure, but rather should 
provide for the enforcement of its benign principles. The 
fate should not restrict our matural freedom. It anly frees 
‘us from the terrors and anarchy of unorganised pre-politicat 
votiery. Hobber, Puteodort, Spinosa, and others contributed 
to the development of the doctrine oF natural Inw, but it 
‘was John Locke who gave it the parscular Interpretation 
hat Tas made ic of auch great sigmuscance in legal history 
and busines operations. He found that the euajor tenets of 
the law of Natore were the minctity of penomal hbeny and 
ot private property. The wate was doing its supreme duty 
‘when it asured their protection aod perpetuity, This notion 
was seized upon by the rising capitalistic clas, embodied in 
the constitutions that it wrote, and introduced into the juris- 
prudence that it fostered. Here we find the legalistic bats 
of the contemporary reverence for propery and the impreg- 
‘uable defenses that have been erected about it, 

This whole body af doctrine, which prevailed ia difering 
degrees frout the time of the Greeks 0 the opening of the 
rineteenth century of our era, was demolisbed by the rise 
‘of the theory of evolotion and the emergence of the modem. 
sclences of anthropology and prehistoric archzology. 1a the 
place of the uate of nature there was extablihed the long 
‘epoch of preliterary or prehistoric culture, ommpared with 
hich the period of civiimtion or the vocaled historic age 
has been of very short duratioa. This prebietoic period was 
‘wot one of uations savagery or barbarinn, It enoompused 
the pamage from the very crude and nexrbestial comtition 
(of the exrties. men to the highly developed culture and in- 
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‘®itutiona of the complex forms of primitive society. Far from 
being without goverment, law, ox social contrel, primitive 
society came to be extremely well dixiplined and devised 
elaborate forms of property rights. Moreover, the transit 
from primitive society to civil society was not 2 sudden event, 
conjured up io the conxioumess of mn, but a gradual 
evelopment produced by the operation of many factors, In 
shore, in the place of theories concerning the arate of natace 
and the social contract, we now have the well-organized body 
‘of anthropological acience, which tells us in detail of the life 
‘of man ia the long azeich of ume preceding the extablish- 
ment of cwvil society and the mastery of the art of writing. 








peat secant 
Another promiaent fiction of the sociological ismagination. 
‘was the devising of ideal societies or utopias ‘These were, 
for the evost part, escapes from and compensations for the 
Jhuesh and unsatisfactory social conditions that exined at the 
UUme of the several wricen. Their utopias jeplied that man, 
by taking thoughe, can create an ideal society free from the 
imperfections of the existing toca) order. The utopians more 
to leu awumed that the dominant réle io social affive is 
‘played by the social environment. They believed that if an 
ideal set of socia relations were created, buman nature would 
permit man ta operate in a pacific and altruistic fashion 
“The fit of the important ctoplas was erabodied ro Plato's 
Republic (fourth century wc). Like the writers oo the 
‘nate of nature, Plato actrbuted most social evils to private 
propery. He wat also « believer in the natural anuincracy 
Cf the intellec. and held that philosophers should be the 
‘Kings. His otapia was constructed on these two foundations. 
He proposed comminiem and a system of evgenics for the 
muall governing atiscracy, in order to promote harmony 
and the development of & superior race of leaders. For the 
rmames be would penit private property and the monoge 
‘ons marriage in order ta continue dinuniry and mediocrity 
con the part of the “mob” ruled by the philosopher kings. 


zexoR 1m soci0L0GY 359 
Plato himclf realced that his Republic was a sociological 
crvor 00 far as actnal practice was concerned. So he composed 
mother book, entitled The Lews, which outlined what Plato 
‘conceived to be the best posible sociery and state that had 
any practical prospect of being brought into existence. 

Plato's was the only important wnting of the sort down 
10 early modern times. Then Sir Thomas More (:478-1538) 
composed bis famous Utopia. More wrote duting the Todor 
petiod, whea English society, particularly ube lower clases 
wus fedling the irapact of the Breakéown of the manorial 
yvten and the rise of largescale sheep fatzning, The 1up- 
prewioo of the English monasteries by Henry VMI alio in- 
creased the muery of the people. In the opening section of 
‘hs famous book More presented a vivid picture of the dix 
order and soffeing of the time. In order to suggest a remnedy 
for these sorry conditions he portrayed an ideal sociery on 
the fanciful island of Amaurote. Here wealth was to be 
divided equally, 00 08 to put an end to that avarice and 
covetousnem which More, like Plato, regarded ay the root 
of all human evils, The whole society on the island was to 
be a wellorganized community based upon cooperative 
prineipler. Altruism would prevail, and exch would bave io 
his mind the inverests of others. Everybody wat to engage 
sn agriculture and, in additom, to-learn some trade. The 
overnment was to be 2 combination of aristocrary and the 
force of public opinion. More did not believe that many 
Jaws would be required, since equality aod the coBperativé 
principle would sutomatically bring to an end most of thowe 
evil desires and acts which are the reault of corrupting iuti- 
tutions and require legislative restraint, 

Francis Bacon (1581-1628) sdvocaced the betterment of 
‘buman society varough the application of natural science. 
His ideal sociery, described in The New Atlants, vat located, 
‘on au island off the coe of South America It central fonture 
‘was the House of Solomon, a great laboratory of coGperative 
sclentina Tt also sent out travelers wo visit the rest of the 
‘world and gather advanced scientific knowledge. AU this was 
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to be applied vo increasing the happinem and welfare of the 
population. AU superstition was to be rooted oot, aod social 
improvemenss were to be amured Unrough the knowledge 
acquired by the aieatia 

‘Moch more radical were the propomls exbodied ia The 
City of the Sun, written by am Haltan friar, Tomzauso Cam- 
panclla (15681639). He maintained chat vociery is taaed 
‘upon the principles of power, love, xad inccligence, and he 
contended that there could be oo desirable vocial wstew. 
‘unlem these received due recognition in dhe organs of wcial 
‘otro! and political adzain‘atration. Campanella argued for 
the complete abolition of all avery for the digoity and 
oreance of labor, and for the elimination of the Jeinure 
lass. Everybody was to work, but 2 short dey would waffoe 
to produce all the required necesttis of Tile, He favored 
‘ommuniam in property. He believed that the home apd the 
amily were the chief cause of the urge to acquire property: 
hence, property could not be done away with wo long ar the 
{individual home was maictained. Community of wives and 
children be beld exsential to the elimination of the acquis 
tive tendency. 

‘The utopia of James Harrington. (1619-1677) . an English 
public, bd a mock more mrimocratic cast. In hit Oceana 
fhe held that sociery must be organized on 
principles, oo as to ensure the leadership of the intellectual 
tit. Further, political organization must be 20 arranged at 
to secure the predominant infuence of the lzndbolding 
dames, which he believed 10 be roughly identical with the 
{intelectual swistocracy. He sporsoced the equal division of 
landed property and 2 wide we of the elective principle in 


spvernant, 

‘The Télémeque of Francois Fénelon (1652-1725) was « 
Jong and fanciful pedagogical novel which utilized the simple 
‘Homeric society in arder ta incukate ideals auitable for the 
education of a prince. Ic endeavored ¢o ceach sound princi- 
ples of government which were at wide varianoe with the 
(tymony and exploitation that prevailed under the French 
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Rourbont, Among the novel priociples thet Fénelon mag: 
_getted was the education of women. 

‘Anew crop of utopias was stimalated by the beginnings 
of the Industrial Revolution. Thr man who wanted che 
rgovement waa at enthusiastic of the new indorti- 
lim, Count Claude Hexri de SaintSiman (1760-1815). He 
cenvinged a new social and economic order in which materia) 
adviner would be brought about by scientist and inven 
tore, The practical dizection of society was to be taken over 
‘by the captains of indwery and finance, and the whole sr 
tem was to be given moral fervor by 2 revamped Christianity 
hich would revive the alleged radical soclal gotpe! of Jesus. 
Saint Simon’s notions were carried further by such disciples 
as Enfactin, Barard, Leroux, Comte, and others 

‘Another famous utopian was a fellow Frenchman, Fran- 
colt Marie Charles Fourter (1778-1837). He proposed the 
rrorgunination of wociery 00 the basis of codperative comau 
nities or “phalanxes” af abour eighteen hundred individuals 
rach. He provided for work at congenial occupation! and 
for what be believed to be the proper distributian of the 
social income beeween expital, labor, aod management. A 
‘number of communities based oo his ideas were formed in 
Europe and the Unites’ Stes. 

‘A leading utopian inspired by the new indusvial candl- 
ions war the Englishmas Robert Owen (1771-1838). 
‘Owen's pervonal credential at m utopian was his auccembul 
‘operation af his own comon-mill at New Lanark, where he 
buils up an ideal industria) commoacicy. Owen propased the 
ewablishment of semi-communistic cobperative industrial 
‘with social jumtice. Like Foutier, be had s number of diac- 
les who made practice! atzenopes to eatablidh wach commn- 
nition 

Utopinnis> penned into the twentieth ceotury, ‘ster 
echoes being Williem Morrie’ News from Nowhere, W. D. 
Howell? A Traveller from ditruria, Edward Belamy’s 
Looking Beckwerd, and the otopian novels of H. G. Well, 
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‘which would recoortract human society 00 the foundations 
of sclence, invention, international, the world state, and 
‘ocial justice. Bellamy’s work wes especially important for 
its day. Nearly a halfcesury ago (1888) it cleatly forecatt 
the problems of our ows advanced indutria! civilization 
con the eve of the Third Tadurtra! Revolution. It was the 
definite forerunner of preseatday ‘Technocracy. The later 
advocates the turning over of the contro! of our material 
lrilizaion and productive processes to industrial engineers 
‘who would plan a eytem of production for human service 
aather than private profit. 

topinan were impiced by che highest arntiments, and 
‘many of their conceptions were sound. Yet much of utopian 
thought was wishful thinking, the rationalization of the per- 
tonal biases of che writers, or compenstory excape {ror op- 
‘Presnve existing conditions, Thos pe of thought also tended 
1 minimize or ignore the social sability and inertia which 
sake it extremely difical to achieve the dicect and sudden, 
cansitions chat utopia ideals require. But utopunasm had 
‘one great virtue, namely, that it was the forerunner of wctal 
planning, which we have now come to recognize ns NocONAry 
if Gvliaaion ia to be sustained. 


‘en Tunoey oF rRoORESS 

‘A leading conception of hutorical sociology which had ite 
origins in the period when the doctrines of te social contract 
and the state of nature were ie full blast was the theory of 
social progres. The ancient Jews, holding to the doctrine 
of the Fall of Man, believed perfection to be found in the 
pax rather than to be sought in the future. Other ancient 
peoples shared to some degree a comparable notion, namely, 
that of a decline fram a galden age. Even more popular with 
the Greeks and Romans was the conception of the cyclical 
nature of buman development. Gulture would rise to a cer- 
‘ain point and then decline 19 s level comparable to that 
which had existed at the beginning: then the process would 
‘xa all over again, and the cytic would be repeated, The 
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(Cavistians took over the Jewith notion of the Pall of Man 
and combined it with the pagan view of the decline from a 
golden age. Man could never expect any utopia bere 00. 
arth. The state of bicecdnes was to be attained cal in 
the world to come. The final judgment and the end of things 
carthly was, according to the Christian view as stated in the 
Book of Revelation, to be preceded by unusually borrible 
and devasuating earthly portenta, 

Gradually, however, there arose the conviction that better 
things might be in store for humanity here on this carth. 
‘Back in the thinteensh century Roger Bacon had x vision of 
‘what applied science might do for mac. Montaigne had 

jmering of x new iden when be tuggrsted that philosophy 
should be coocermed with husaan happiness bere on earth 
snther than woth salvation in the life to come. Francs Bacon, 
sand Descatves united in decrying the authority of tbe put 
Bacon contended that the moderns were superior to the 
ancients and muggested that utopia might be atained through 
applying science to buman probles, 

“The doctrine of progrest asi ia conventionally understood, 
however, beyan with Jooathen Swift (1667-1745) and Ber- 
‘nard de Fontenelle (1857-1757). Swift's Battle of the Books 
(1698) wan a telling satire on the defenders of the authority 
of the ancients and the worthip of the clasics and classical 
scholars. In his Dialogues of the Deed (1684) Footenelle 
Ihardly wene beyond the contention that the ancients were 
‘ho better than the moderos, but five years later, in his Digres- 
‘non on the Ancients end the Modems, be took a more 
advanced position. He beld thatthe anclenta and the moderns 
‘were eneatialy alike ia x biological seme, there being no 
(progress in this respect. In the fine arc, which are chiefly a 
spontaneous expression of the human spirit, there seems to 
Demo law of progress: ancient peoples had great achievements 
to their credit, but the best madera works in wr, poetry, and 
‘oratory equal the most perfect ancient examples. On the 
other hand, in science and indursy we find an altogether 
different ory. Jn these fickis development is cumulative, 
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“There has been vast progres since ancquity, and eres 
renter things may be Jooked for in the Emure. Matcover, 
Fontenelle proceeded to amert that unreaoning admitntion 
for the ancients ia a major obstacle to progress. It is doubtful 
if anyoor, even in our own diy, har mare intelligently 
(tated the yeneral principles involved in the problem of 
what we call progres than did Fontenelle. 

‘Coarle Perrault (1626-1703) wae x contemporary af Fon 
tenelle and expremed very mach the mune view to hit 
Parailet of the Ancients and Moderns (1688-1696) . But he 
‘yas 30 much impremed by what he regarded as the perfection 
‘of the cultsre of his own generation chat be was not much 
‘concerned with future progres—il, indeed, he would have 
conceded that anything coald be better than his own age. 
‘A. more pottive attitude towards furore progres was taken. 
by the AbbE de Saint Pierre in tls Pies for Perpetual Peace 
(una). He contended that progres wot teal and that dhe 
achievements of his own age were more Dotable that thowe 
of the era of Plato and Aristotle. He wad particularly inter- 
exec in social progres and belicvad in the desiability of an 
Academy of Political Science to guide social advacce. He 
placed great faith in the power of 2 wite government and 
‘wae x forcrumper of Heleétius and the Utilictinos, Claude 
Adrien Helvétins (eisz77) war the foremost of the 
‘French social optimists of thia period. He believed thor- 
oughly in the pouibilisy of buman perfection and thought 
ft could be achieved effectively through univenal enlighten- 
‘meat and rational education. He believed in the equality of 
man and held that existing inequalities could alo be elim- 
inated through education. 

In the firs halé of the eighteenth century the Italian 
Cioranni Battista Vico (1668-1744), 2 philosopher of histary, 
developed his conception of progres. He held that human 
progress does not take place diectly or in 2 straight line, 
‘Rather, it takes the forma of a epiral. There may seem to be 
‘yes of development, bot they never go bark t9 the oviginal 
smarting point. Each tun is higher than the preceding. A. 
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little ater in France a more realistic himorical theory of 
rogreat was proposed by Anne Robert Jacques Turyoc, 
Baron de VAulne (17#7-1781), himuelf am eminent com 
tribunor to the philosophy of history. He laid great strem 
upon the eootinsity of history and the cumulative mature of 
progres. He contended that the more complex the civiliza- 
tion, the more rapid human progres. Thus, advance was 
very slow in primitive times, but had been greatly accelerated, 
‘in the modern epoch. Even more optimistic was the dix 
tinguished writer of the French Revolutionary period, the 
Marquis de Condorect (1743-1784). He not only affirmed 
his belief in the reality of progres, but presumed to divide 
the history of civilization into ten periods each repreteating 
a definite sage in the development of mankind and human 
civilization. Nine of these periode bad already been panied 
‘through, and the French Revolution snd smodern science 
‘were leading us to the brink of the teath, which woul 
[produce an era of happiness and wel-being the like of which 
Ind never been known. 

"There were other men who contributed varioutly to the 
notion of progres. The German philosopher J. G. wn 
Herder (1744-1803) attempted to discover laws of progress 
‘based on the joint operation of Nature and God. Immanvel 
Kant (17247804) sought to prove the reality of moral 
‘progres. The English poblicst William Godwin (1756-1896) 

feved that perfectiom might be attained through the aboli- 
tioo of the ste and property and the inculeation of reason 
through private instruction. The Count de SxincSimon fol- 
lowed the line of the Abbé de Saint-Pierre in bolding that 2 
definite social science mus be provided to guide homan 
(progress. These notions culminated in the historical philas- 
‘opby and sociology of Augune Comee (1798-1837). He 
elaborated a comprehensive system: of “lava” eancerning im 
tellectua) progress and formulaed an expansive philosophy 
of history, embodying the division of the past into a large 
mumber of periods and subperiods, cach characterized by 
some phase of cultural advance. 
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“While the theory of progres has received enthasiandec snp- 
pare from many since the time of Comte, pessimistic or 
hastened attitudes have also appeared. Some, like the Ger- 
‘man philosophers Friedrich Nietuche anc Ovwald Spengler, 
shave reverted to something similar to the doctrine of cycles 
huracterstic of clusical thinking. More common, however, 
‘has been the tendency to mubstitate the notion of change for 
that of progress. The latter implies that chings wre certainly 
_gering bette. Of this we are not now so certain, but we are 
aware of change in many phasct of life and thought. Mort 
important has been the recognition that change takes place 
rapidly in the realm of science and material culture and very 
lovely in institutions and morals. This diarepancy tn the rate 
of progress as between material calture and social institutions 
now called “cultoral lag”~seema to have placed modern 
civilization in orm. 

Enchutianic belief in the theory of progress thus appears to 
ave been an incidental product of the optimisea of the 
Period of “eolighteoment.” middleclaw revolution, early 
scientific progress and the rise of capitalism. We can cow 
take no such dogmatic position oo the subject as did the 
writers of the eighteenth century. The future ia uncertain. Tt 
may bring the realization of dreams far beyond those of the 
most fantastic vropians. On che other hand, it may bring 
collapse and reversion to barbarism. Only the triumph of 
‘eaton and knowedge over tradition and gausion can prevent 
the later ourcome. 


cosaamaea, neread 

(Ove of the most persistent, popular, an interesting errors 
{in secological thought wat that involved io. the doctrine of 
‘geographical detcrmininn, that it, the theory that geographic 
actors are of primary importance in the shaping of social 
‘cumomns aoe inutirutions. This belief ban persisted through- 
‘out the entire bisory of social theory and has powerful 
<hempions even in out own day. The Grst writer t0 ruggeat 
‘the notion was the ancient Greek phpician Hippocrates (C. 
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480370 wc). who et it forch in his work on Airs, Waters, 
fend Places, While immediately ignerered in asceraining the 
fect of geographic factors om diveae, he mggeted a general 
‘heory of geographical determinism which revolved sound 
the idea of the mperiority of the race of the temperate zane. 
He beliceed that the peoples of warm climates were clever, 
bat morally weak and wicked; thove of cold climates were 
strong and virtnaun, but stupid. The inhabitants of che tem 
pemte climatca, expecially the Greeks, combined the good 
qualities of both the northemer and the southerners without 
tuking over their respective weaknoma. The inhabitants of 
‘the cemperate zones were, in sbort, strong, brave, wise, and 
‘good. Hippocrates intermingled antrology with geography 
in arziving at his conclusions, a tendency which was shared 
bby all other important writers on geographic influences until 
he eighteendh century of our era, Thuy to overemphatis 
‘upon geographical facoms there were added the preposterous 
<ervon involved in astrological lore. 

‘This view of the superiority of the races of the middle 
climates dominated the wnting 0 geographic influences 
‘until modern times. Aristotle accepted the notions of Hip: 
pocrates and elaborated upon thera in order to vindicate his 
theory of Greek mperiority. The tame conception of dhe 
superior character of the inkabitants of teraperate zoae4 wat 
‘dapted by Cicero and Vieruvius ta demonstrate the nuperi- 
cority of the Roesans and to jusify the eriomph of Roman 
stunt nnd imperial administration. The popularity of Anutatle 
in the Middle Ages led to the revival of bis theory of the 
tucendaney of the people of temperate Climates St. Thomas 
‘Agquinas was one who set forth this notion; it found ite echoes 
among the Muslims in the writings of ln Khaldun. 

1t is obious to dhe impartial observer that this whole idea 
reited upon wuciensfic foundations and was no more than 
the rationalization of the Biates or patriotic fervor of the 
writers promulgating it. Ad a fact in tbe beginnings of civil 
zation the Set great advances took place in senitropical areas 
where the bounties of Nature were most profuse. As civiliae 
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tom has progroned, it has geographically followed « north 
ward eure. 

‘The fiat extended and detailed discumion of the doctrine 
cof geographical determiniam appeared in the writings of the 
famous French poblizist Jean Bodin (1550-1596). Hs work 
represented the Gna) summation and elahoratioe of auzelogi- 
‘al and geographical lore in defense of the notion that peo- 
‘ples of intermediate climates are those who build the bighest 
CGviliaations. He added few new ideas, but bis treatment was 
‘br more mycematic and extensive than that of sny previous 
‘writer on the subject. Yer there was acarcely 4 parsgraph in 
this porsion of fia work that rested upon a wud factual 
‘ais Ke was a congeries af errs rarely matched in the whole 
history of sociological thought. 

“The beginnings of a sdentise atizade coward geographic 
influences manifened vbemechves in crude Sabion in the 
‘ighrenth century, following on the heels of the remarkable 
swientiic advances of the sixteenth and seventeenth centuries, 
‘The fire of much workt was thar of the emonent Engluk 
Physician Richard Mead (1673-1754), author of a Treatue 
Concerning the Influence of the Sun and Moon wpon Human 
Bodies. While hit conclusions were crude and dogmatic, 
Mead reflected the advances in the study of gases and atmor- 
pheric preure made by Boyle, Newtoo, and other A fur- 
ther elaboration of this point of view appeared in the book 
bby another English physician, John Arbuthnot. An Esey 
Concernung the Egect of Air on Human Bodees, published 
in 1993. This applied the new science concept to x eeudy 
of the eflect of climate upon human trate It ingptred a far 
more famous work, The Sprrtt of Lams, by the French Phi- 
eopher Baron Montesquieu (1689-1775). 

‘Montesquieu abandoned the old dogma of the comprt- 
hensive superiority of the peoples of the intermediate cli- 
sutra In lis place be attempted to develop a general philow» 
phy of geographical determinism, indicating the effects of 
(prographic foctors upon all types of inwtications, He assed, 
‘tat climatic influences produce distinctive traita in the in- 
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‘uabitants of cach climate. Those insticuaions are bem which 
feanfora mont closely to che characteristics of che inhabitants 
‘ofa particular climate. For example, of political naltutlons, 
44 despotian is best adapted to the needs of the inhabitants 
‘of warm clisatey: 2 consticutional monarchy to chose who 
ftwell in vempernte aanes; and a republic to the inhabisants 
cf the cold areas. There ean be no abwolute eandard of nuperi- 
‘rity in human inutitutions, their excilence depending upon 
their adaptation wo the qualities developed by climatic effects 
4m the inhabitanis of difleent zones In spice of iu ecublance 
of the use ofa scientific technique, the work of Mooteauieu 
‘was mainly dogmatic and deductive. 1 took for granted, with- 
fot proof, the dominating infuence of climatic factor and 
‘upod this erected a philosophy of history, law, and govern- 
‘ment in accordance with his preconceived dogstas, But there 
‘was one sound contention in the potltian of Mantesquicu, 
‘umely, thar institucons are good or bad according to their 
adapation to the character of x particular popalation, 
‘The remarkable progres of exploration and geographic 
scieoce in the nioctecnth and ewentieth eeaturie ed 10 4 
‘var improvement in the character of writings on geograph- 
ical decermioam. The wodem theory found it most emi 
nent representatives ia sock comprehersrve writers as Kar] 
Rutter (177g1859). Henry Thomas Buckle (1603-186), 
Friedrich Rael (1844-1904), and in our avn day Elleworth 
Huntington, Ellen C. Semple, and others. These writcrs have 
broadly consudered the dominating invence of ali types of 
ogrphic factorn—climate, topography, rainfall, isolation, 
contacts, routes of travel, and atmorpberic condition, Mare. 
‘over, they have understood that geographic influences exist 
‘widely varied effects upon bumanity io diferent era of bis. 
‘orical development. Great bodies of water, which were once 
fa barrier to travel and progres, have sioce :500 become 
anajor instruments for the tranamission of civilisntion, There 
Thus been a vast iazproverent both im the range af tbe geo- 
sruphical knovledge ponemed end in the caution with whlch 
‘thas been applied 10 sclological Interpretation. 
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No undent of wcinlogical theories can muiely ignore the 
‘very important contributions of this acbool of thought. Yet, 
aus the cultural higorians and anthropologins have made 
clear, these writers were guilty of a major ertor in contending 
for geographical determiniam. Geographic influences exert 
a very important conditioning effect upon emnan culture, 
but they do not determine the course of its development. 
"This fact bas been well mated by Robert H. Lowie: “Environ- 
sacot cannot explaio culture because the identical enviroo- 
ment is consistent with distinct cultures; because cultuya) 
rales pers from inenia in a2 unfavarable environment; 
because they do not develop where they would be of distinct 
advantage to 2 people; and because dhey tory even dimppeer 
‘where one would leas expect it on geographica? principlen 
In short, the geographical determinists have erred in over- 
‘emphasizing an imporant consdention in sociological 
thought. Ye is not that geographic influence: fil to play 
‘very important réle in framan afin, but rather that they 
exert a conditioning insta of a determining inBuence. 
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‘The cpochamaking debate between social philosophers of 
the rationalistic and romanticist schools from 1750 to 1850 
(give Tite to numerous errors in sociological thought, The 
‘ontroversy ceotered around the question whether wal ior 
‘titutions are amenable to rapid and revolutionary changes 
throogh the application of human reasoo, or whether they 
‘are che outgrowth of the unconscious forces embodied 10 
ationa) genio To x considerable deyree the ise wat 
‘whether revolotion isa legitimate and devirable type of vocia! 
Guange, or whether we muut allow matters to make headway 
slowly through & process of natural and spontaneous develop- 
iment. This debate occupied much of the eocial thinking dur- 
ng the elghtcenth snd early nineteenth centorien 

‘The leader of the rationalistic and revolutionary school 
were the Abbé Sicpts (17481896) , the Marquis de Condor- 
‘et, William Godwie, and Thomas Paine (1737-1809). They 
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emphasized their belief in the pouibility of abolishing ald 
abuser and introducing a new social order by applying human 
reason to wcial problest. Paine produced che tiost eloquent 
defense of this point of view in his famous work The Raghis 
of Man (v7g198), writen as a reply to Edmund Burke's 
{ferocious attck upon the Freoch Revolution. These writers 
minimized wocial inertia and cultural lag sod were optiminic 
regarding the amenability of social life aod institutions 10 
rational analysis and artificial change. 

Upholding the other extreme view, to the effect that we 
‘cannot arufcoally alter institutions through the application 
of reason but mmurt wait for the graduat development that 
{rows out of national genius, were Edmund Burke (372° 

. von Herder, J. G. Fichte (1762-2814). and F. K. 
5Y (37791861). These men looked upon social 
{nsurutions 2s the outgrowth of somewhat myrericus peychic 
forexs, operating mainly on a subeneacious level and ex- 
resting themselves colienively through what is known os 
‘national genius. They Serocly attacked the prevailing tatioa- 
alutic and reyolubonary theones. They advocated politieal 
quictian and social patience. The bat-toown example of 
this type of sociological thinking was Burke's Reflections on 
the Frenck Revolution {0790}. So extreme were some of 
these writes that voo Savigny even warned against trying 
to codify law. Law he held to be an ever-growing and ex- 
‘panding product of ational culture; 10 codify it would full 
it-would be as reasonable as 10 try wo embalm a growing 
plant. The resctionary and comervative view of social de 
‘elopeneot was st forth in even raore extreme forea by Louis 
Gubriel de Bonald (1754-1840). Joseph de Mauire (1754 
1841), and Lodwig von Haller (9768-1854). 
it is obvious that both schools of writers erred in their 
‘extreme crophasis upon ove icterpretation to the excision 
cf the other. Social inertia, culeoral lag, vested interes, cus 
tora, traditions, and the like rest priwatily upon an irra- 
onal basis and offer tremendous resistance to the inroads 
tof reason and change. A ratianal and sensible schese for act 















yo tne svoxy oF HUMAN Enn0x 
ideal vociery can certainly be formulated, but it is another 
arer 09 natert that Lean be speedily and easly set up in 
the face of the opposition of afl the foress that resist wcial 
ehangr. On the other band, those who relentlesly oppove 
‘eum and revolution are in danger of doing 00 more than 
satéonalixing social stagnation, social abuses, injustice, and 
the dominion of the exiaing powers. Social change cay have 
tw be slow and take account of the hinorica! pur and the 
cximing social eovironment. But this ia something quite dit 
ferent from holding that it is legitimate or wicked to plan 
{intelligently forthe future and to seek to bring about better 
‘onditians as capidly as posible. 

Rather closely related to the extreene rationalises wat the 
Philosophy of Jeremy Bentham (17482832), pethaps the 
mot fertile aod inventive mind arong vocis) philosopher, 
Te was Bentham's dare to become “the Newton of the moral 
world” He proposed the famove “Felice calcula.” which 
embodied his efforu to reduce social philcsophy to a sieo- 
tific discipline. This calculus of human conduct was based 
‘upon the asrumption that man is guided and controlled in 
bis behavior by "wo sovereign masters, pin and plearure.” 
Beotiiam contended that man is abvolutely rational in his 
‘Provedce and conduct in vociety. He seeks the utmost pot- 
sible pleasure and the minicum ponible degree of pin. 
Homan conduct isthe outoame of this desire to vecure pleas 
ture and avoid pain. i, sometimes, our conduct docs Dot secmt 
‘0 conform to such a tet, i i because we do not completely 
fr properly understand the situationin short, a proof of 
‘inadequate information. Hence, what is needed to ensure the 
perfect operation ofthe pleasure pain principle is educa 
‘which will clear up oar undenanding of all buman situs 
‘fons. 

‘Bentham was both 2 prolife weiter and an ardent social 
reformer and was himself sctive in promoting this point of 
view. But even mare digificant wat tbe effect of Benthamison 
‘upon the political and economic paychalogy of the nineteenth 
century. The works om political peychology down through 
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the time of James Bryce were based upon Benthan's prem- 
{acs 1¢ was not umtil the fist decade of the twentieth exn- 
try that Graham Walles expored “io aupesficalicy ia bis 
notable work Human Nature an Poittict (1908) . Orthodox 
‘poychological economies, lmunched by W.S. Jevons the Aue 
fain achool, and john Bates Clark, was also founded pri- 
‘aarily upon the principles of Bentham, Even Kal Marx 
‘was profoundly affected by Bentham’s view: his theory of 
eluconiciousness and the clauetruggte involved a cansider- 
able acceptance of Bentham’s attitude respecting the ration 
ality of man. Economie paychology was not freed from the 
Bentharuite incubus until about the time of the World War, 
when Carlton H. Parker, Wesley C. Mitchell, and other 
revealed ita fundamental fallacies 

Bentham's great error lay in ignoring those subcooxcious 
and irrational factora in human nature and socia) behavior 
which have been revealed by a subsequent ceatuty of sudy 
{in peychology, psychiatry, and socal pechology. He knew little 
oF nothing of the human subconscious and of ity influence 
‘upon conduct He did oot reckoo with custom, couvention, 
‘ruditon, and other partially or wholly irrational factors af 
{ecting vocal bebavior. Nor did he take account of crowd or 
mob prychology. His picture of human behavior was, per- 
‘haps, # ooble ettay in dearibiog how chings might be if wan. 
and society were diferent. But his theories do mot square 
with the facia exther of hugtan nature oF of social behaviar, 

Although Beothum made many weful oomtributions 10 
practical reform in the fields of edocation, poor relief, prison, 
elo, wad publicbealth legislation, few writers in the 
binory of sociological thought have been responuible for wach 
‘extensive and persistent errors in social thinking. He domi- 
‘nated mont of the social peychology of the aineteenth cen- 
tary, and it was a rule of error almost without exception. It 
fenerated a fase optimises about human nature apd made it 
dificult for social thinkers to come to gripe with the grim 
realities concerning social change. 
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“The cise ofthe theory of evolution and the growing interest 
in biological science were provocative of a lange collection. 
of errors in social thinking. The Gat of these we shall discuss 
‘was the theory ofthe social organiam.* This doctrine nsumed 
the ewential identity between the nature of the individual 
‘iological organina and that of vocicty at a whole. In the 
individual organian, for exaraple, chert is a divecive faculty 
in the brain and nervous sytem, a nourishing mochensan i 
the digestive organs and the cizculation of the blood, ad 
so on. In society we find comparable rywems of organs. Simi 
lar to the brain in the individual organism is government in 
society, Comparable to the digestive organs ic the individual 
are the agricultural and productive clases in soccety. Moet 
‘writers contented themselves wath pointing out in more or 
Yeas detail-sometimes most elaborately-the similarities be 
tween the individual organi. and society. But a few went 
40 far as to hold that society is Titerally a true organism. The 
outstanding writers who expounded the doctrine of the social 
‘orpusisu were Herbert Spencer, Paul Lilienkel@, Albert 
‘SchaefBe, nd René Worms. 

‘The extreme member of this group of writers were in 
‘error in alleging any identity between the individual organ- 
jim and society. There are only vague similarities and par. 
allele often achieved by forced interpretations; and what 
‘ruth there may be in the analogy is of lite practical value. 
Certainly it did not warrant the detailed and voluminous 

‘were devoted to ita elacidation. The theory has 
‘been criticized in constructive fashion by L. TT. Hobhowe 
and others. They have indicated that all there is of value in 
the idea of # social organine canst in the implication of 
the desicability of an adequate developmacat of social coded 
rating, the division of fabor, and the cooperative principle 
in sociesy, 
iT Mian eos of ant Doran, weedy at some 
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Another widely and bitterly debated error in sociological 
thought growing out of biological influences war what we 
know 2s Malthuianim. It derived its mame from the author 
Of the theory, the English economic philosopher ‘Thomas 
Robert. Malthus (0786-3854). whose Assay on Population 
appeared in 1798. The substance of Malthus’ argument was 
that population tends to increase in a geometric ratio (2, 4, 
4B 36, exe) whereas the food-aupply cannot possibly’ be 
vande to increase in moce than an anthunetic mts (2, te 8 
4-§, £16); heace, popolaon teods elways to prest upon the 
underlying mean of subsistrace. Malthus recognized two 
kinds of checks to the tendency of population to ontrun its 
foodoupply: the Sint, posinve checkrwar, pestilence, and 
starvation; and the cond, negative checks pomiponerent of 
‘marriage to a Tater age and what be described as “svoral re- 
itraint." In the Eagland of bis day Malthus regarded it as in- 
cevituble that 4 considerable part of the population thowld 
lead a fife of poverty and muery. He feared that, for che 
immediate facure at least, any increase fo the means of wub- 
sistence would tend ta bring about a more than cortespond- 
‘ng increase in the popolation, 

‘Both the vigorous defenders and bitter critica of Malthusi- 
anism have usually lacked historical pempective. As applied 
to conditions as they existed in 1798, the postion of Malthus 
‘war reasonably sound, but scientific and technological changes 
since his day have made Malthusian priccrples in large part 
an intellectual curiosity in our era. The two or three “éus- 
‘tial revolutions" have completely altered the situation re 
specting the food-upply. The First Indunrial Revolution 
‘pave us abe reaper, Dindes, threther, and otber mechanical 
‘means of catrytog on egricaicare, the elements of acicntfic 
{erilirsion, and the beginnings of eScieot methods of stor 
ing and preserving foots, Tae Second Induezial Revolution 
carried the process further by providing the tracer, gana 
plow, reaping and threshing combine, ultrascientifc vol 
testing and fertliztion, sciensiEc canning and refrigeration 
1 further food preservation, and otber comparable advances, 
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‘There ia another engenics fallacy which needs 0 be 
silenced forever, namely. the arrogant assamption that out 
‘prescot hierarchy of wealth and social clases rests upon 2 
‘valid biological basiswith the ablest at the top and the 
inferices at the bottom of che pyramid. This Ilion has 
‘been ponetured by & bislogist, Herman J. Muller of the 
University of Texas, who haa written: “We must realize that 
ina society having such glariog inequalities of environment 
23 our, our tens (that is, social eacus] are of litle arcount 
in the determination of individual genetic differences in in- 
telligence, except in tome cater where these differences are 
‘extreme, oF where ewentia) likeness of boc home and outer 
environment can be proved.” There are too many xttificial 
limitations and fayorivimms in our present social and eco 
omic order to permic the asiuunption that atari is today 
correlated in any complete manoer with innate ability. 
‘Related ta the interpretation of progress in terms of au 
pevior human types isthe elfor co associate specific cultural 
achievements with alleged racial diferentes nd mperioritics, 
‘A vulgar fallacy, not wholly absent from Aristotelian doc 
trite, i¢ aay be traced beck at leas as far as romantica and 
the reaction agninnt the French Revolution. Then there de- 
‘eloped thove misleading dogmas of the ficklenes and pobiti- 
(al incompetence of the Frenci at contrasted with the im: 
paralleled political sagacity and capacity for achievement of 
‘the Tentonic and AngloSaxon peoples. It was further rein- 
forocd by the ammuing but tragic combination of fallacies in 
Joseph Arbur de Gobicean’s Ersay on the Inequality of the 
Human Races (3855-1855). with its culogy of the “Aryan 
race." Tt was solemnly confirmed by the philologits and 
reached its reductio od ebsurdum io the nineties in the 
dichyrambic ernttation of Houston Stuart Chamberlain aver 
the cultural supremacy of che Teuton. Even modem biclogy 
‘was drawn upon co support the doctrice of racial saperiorsty, 
and Sir Francis Galton came forward with an allegation of 
the vast prycho-physical muperiority of the “wmythical Greek” 
‘over the average member of the intcUecrual clawes of the 
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(peetent dy. These racial fallacies have come to poueat a 
good deal af practical significance in our awn day because 
they have been pat into practice in the polities of a great 
stale, The Aryaninn of Here Hitler ix pothing more tun a 
vvulgarized vereion of the ideas of Gobineau and Chamber. 
lain, Tt was lef for sociological historians such as Fastel de 
Coulanges and Frederick Seebokia to challenge the romanti- 
din Teutonic philovopby of history; for W. Z. Ripley and 
Rolaod B, Dixon to shauer forever the myth of an Aryin, 
zace and 10 show the hopelew confusion and mixtare of races 
in every leading European state: snd for Franx Boas t0 
demonstrate that no suficient evidence cm at present be 
adduced to prove the biological superiority of any race or 
wubrace, By the revues of these studies the racial interpreta: 
tion of history bas been utterly discredited and can in the 
future be the refuge oaly of the uniafarmed or of the parti- 
‘an advocste* 
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Sociological chooght both directs economic spitems and 
derives from them. Especially have the great industrial 
changes influenced recent chought alike in defense and in 
criticiam of prevailing social ordes. Such juntification of dhe 
‘Stats que may readily involve the error of prejudice oF par 
maahip as the systems in question are involved i active 
interena. The opponents of the sytem of capitaliom rept 
cicher ia premises or its trends in penctice, ox both, as “er- 
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Among the erly defeoden of the system commonly culled 
capital were SaiotSianon and kia Younger comemporsry 
J.B. Say, They proposed to hand over the direction of society 
‘a the captains of industry and Snance. They believed that 
their aspirations and methods were perfectly designed to 
promot: the well-being of Inuman society. SeintSiroon's dix 
tinguished disciple Auguste Comte beld chat industrial 
‘Fowth and the search for profits helped to promote human 
[Progress ace socal justice A similar position wes taken by 
‘James Mill. (1775-1856), father of Jobin Stuart Msll, and it 
among tome contemporary sociologists, notably 
‘Thamas Nixoo Carver. Arraigned in opposition ate Albion 
‘W, fimall, L.'T. Hobbowse, J. A. Hobson, Beatrice and Sid 
‘ney Webb, Emile Durkheim, and Toomtein Veblen. They 
comend that the sellseeking and shortsighted policies of 
‘capitalism, have brought about “a caixture of lottery and 
famine." These and many other writers bave expecially e- 
the antisocial and suicidal character of finance cupl- 
‘allem, which dominares tbe contemporszy economic otder. 
‘The cw captaliom gave rite to wociological rationalin 
tons in opposition to remedial social legislation. The theory 
‘of evolution was drew upon vo justify this philosophy of 
“eugged individualian,” sv Newtonian physics had earlier 
‘een exploited to jowify the free-trade philowophy. 2 war 
beld that social progress mart be achicved in an automatic 
and natural way. just as biological progres is attained 
through the operation of the survival ofthe fittest. For man 
to interfere with the natural processes of economic evolution 
‘would be dinszous It wotld impoverish society, impede 
social progrea, and affect adversely the poorer classes whom. 
the humanitarians seek to provect by their itladvised inter- 
erence. Unlimited competition isthe only road to industrial 
and vociol utopia, Tha position was most effectively et forth 
in Herbert Spencer's Social Stones, in William Graham 
‘Susaner's What Socal Clases Owe to Each Other, 20d in the 
‘many writings of Jacques Novicow. Lodwig Gumplowicr, 
Gustave LeBoo, and Frbian Franklit. 
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Another group of sociologist and reformen advocate state 
‘tstervention to protect the mases from exploitation and 10 
secure adequate wcial planing. Prominent among them are 
Laster F, Ward, Seal, Hobbouse, the Webbe Hobson, R. H. 
‘Tawney, Gusay Schmoll, and Prul H. Douglas. Contem- 
Porury opponents add to their destractive citique of the 
‘apitaliaie premises the evidence of hinory in the general 
breakdown of capicalian afer nearly x ceatury of relative 
freedoaa from sonal control, They ewphaize ax especially 
cogent the comomic face of receat American hixory: the 
Tichor and mosdy highly developed of the modern economic 
states, cajoying the greatest individuallar, has been beought 
face to face with collapse in 1969 und later a4 reult of the 
‘very policies chat Suzaeer end his schoo! extolled. 
At the other extreme Gom the protayonies of capitalinan 
and indiedualinn appear the Marxiant, advocating m thor- 
oughgoing state conccol over exoooraic Tile, Karl Marx (18\8- 
83) developed his theores io considerable part froca pre- 
ing writers wuch as Ricardo, Feuerbach, Rodbertus, and 
Siamoodi. He elaborated, bowever, a definite economic und 
socal philowopiy, besed upon the economic interprettion 
of hixory, the labor theory of value, the doctrine of rarplus 
value aod the exploitation of the workers, casecooscioumes, 
and the clate stroggle; he predicted on ultimate proletarian 
revolution which would instal! the workers in the control of 
society. 
“There was much validity in the doctrines of Marx. He 
erred chielly in overempbasiting 1 very potent factor in 
social evolution, namely, the material element. Ax times it 
bas certainly been a determining factor, but not always. Fus- 
thet, capitaliam has made greater contributions to social 
‘progres: and as been leas ruthless then Marx contended, 
Eapecially was Marx in erzor in his assumption of the clas 
consciquines of the worker. His eonomic and politcal 
perchology war based almost exclusively oo Benthamnte ra- 
‘iooalism, which amumed that man isa cold, calculating being 
‘capable of dixceming and following bis stevia] interoaa. 
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Mary, tide Bentham, failed to reckon with the effons of 
custom, traditon, education, cultural lag, and auch paycho- 
ogica) mechaniams as dhat of “ideotiScatiom,” which leads 
the workers icto peychic amociations and loyalties diamevi- 
cally opposed to their clusinterest. Contemporary Marxian, 
imeead of developing 2 new coonamic philosophy suited to 
the times, have been content to parrot the text of their may 
tex, who in some respects is as outmoded as Adam Sinith 
(or Herbert Spencer. Marx knew nothing of the Second Inv 
duutrial Revolution ar of contemporary fieance expitaliaa. 
‘The pronouncement of HL. G. Wella may go toa far, bor it bas 
tomae validity: “Indeed fom fost to last the influence of 
‘Marx has been ao onqualiied drag upon the progreuive 
‘reorganization of human society. We sbould be far nearer a 
sapely organized world estem today if Kar! Marx had never 
bbeen born.” Marx retains a high place as an economist and 
social prophet; but the slavish loyalty of radicals to Mark 
i as out of place in the modern scene a9 the citation of 
Smith and Spencer by “rugged individualiss.” 
PREMATURE SYITIMATIIATION 

‘A major error in the growth of sociological thought was 
the formulation af claborete sociological atoms and the 
production of highly geaemlized works on sociology long 
before the information thet womld warrant any such achieve: 
‘ment was available. What came frst should have come Ist, 
‘if, indeed, such formulations are ever pomible. Moreover, 
‘these generalizations mbstituted dedoctioa for iodoction and 
became a rationalised elaboration of the persoral views of 
the author. The leading writer to whom this statemcot 
applies were Auguste Comte, Herbert Spencer, Lester F 
‘Ward, Albion W. Saul, Fracklio Henry Giddings, Gustav 
Rawsenhofer, Frank Oppenheimer, and Leopold von Wiese. 
applies with a dierent ecaphatis co che wort encyclopedic 
‘yes of the Ialian sociologie Viltredo Pareto, whote “spe 
tem’—the mowt ambitious since Bentham—reduces sociology 
to a natura ecieuce of bis own peculiar complexion. Av Ben- 
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ham rationalized a faith in pure inllecrualism and the 
capacity of men to govern thel: eodct by reaxe, 0 Parc’ 
rptiam of tociology becomes a pedantic saionalistion of his 
views of the low rationaliry of mea and the incompetence of 
the mans Pareto's major concept is hat of “derivations,” & 
byproduct equivalent to rationalizarions. He exposed the 
lack of valid scientific foundation of “derivations.” Yet. hin 
‘ows sociological writings are oo more than a van derivation. 
‘What pretzods to be an objective meatise on the nature of 
ociety i Little more than a voluminous argument in terms 
of abseract concepts in deferue of capitalinm and the growing, 
trend toward Faxciaz 

Goincident with the ex of sociological syptemitiraion was 
the age of comzoversies with respect to wacialogicalraethods, 
‘ategorien, coocpts, and the Whe, While the forzative period 
‘of any eience must be concerned with auch ving, the energy 
devoted to these debates in sociology was out of all propor- 
tion to their value and gave the impression cbat such minute 
iscusmions cansituted the ewence of vocialogy. 

‘Aa errot of a different order appemy in the very uscul 
‘employment of tbe atatinical technique in the pursuit of 
sociologica) problems. It canists ir holding too excusively 
‘that sociological data toust be confined to thote amenable 
to measurement and thas excluding significant but only 
partly and subjectively appraisible facran, The movement 
‘toward realistic statistics was an inevitable reaction from the 
older dogmatise of social philosophers and spstematicers; but 
‘the more ardent advocates ofthe suaistical tethod have gone 
to the other exireme and have ruled out the relevance of 
‘common sense and logic, at well as the importance of trend 
and forces clearly discerned but not amenable to quantitative 
siatement* 

‘Moreover, much seatisical study of social problecat has 
tbeen Helle wore thn = pompous docamentation of the 
obvious, and often it bas served us a dignified excuse for 

<The cnfadoe a4 ts war b amare fo bea 10 by lang soe 
comers or amunpicas Gham in eda edican, sooty Me reco 
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eoucratina and neutrality of opicion. Moreover, facts 

including thove in statigcal form, may me readily be 

amembled in the service of s priori prejudices and convic- 

‘ons, drawn from family life, education, caus and profeuions! 

swocations, ax objectively handled in the interest of truth. 
socroLocieAL, APRLICATIONS 

As lready noted, the varieties of “ecron” marveyed in these 
‘pagea are concerned with various applications of social phi- 
osophy to the understanding and regulation of the existing 
social order. There ae in this wense “error” of social prychol- 
‘ogy, prominent in the development of sociology during the 
Ialfeentury following 1875. Representative writers who ine 
tuaduced paychaloyical motives inta sociology included Gur 
tave LeBoo, Scipio Sighele, Gabrie) Tarde, Emile Durkheim, 
‘William McDougall, and Wilfred Trotter. ‘The crowd oF 
herd papchology occupied a major place as the clue 10 nial 
‘behavior. Leioa and Sighele ascribed to the crowd abnormal 
and pathological characteristics dominated by irrationality 
and bordetiog oo the criminal. Tarde developed a complete 
‘stem of prychalogy on the principle or pattern of imitation 
4s univena? and dominant. Durkheim empharined the in- 
fluence of crowd peycbology om the individual, dominating 
‘nis mena concepts and behavior; social man vas ruled by 
the berd. McDougall laid screus oo the variety and potency 
of the socalled Instincas, which he beld to direct both 
individual and social behavior; while in the sume tend 
‘Trenter_wrae engagingly upon tbe herd insinet a ex- 
Pianatory of human charecteriatcs, in social situations 
‘omninancly. 

‘An outstanding weaknem of chese writers was the fact that 
few of them, with the cxception of McDougall, were troned 
in paychology or hud ciuch technical inowlesige of the sab- 
ject. Mont of thean were keen observers and clever writers who 
employed ruleofthumb and commonsense methods. LeBon. 
and Sighele rationalized their prejudices agains democracy 
and parliamentary government ic demouncing the cromi 
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aind, Presentday peycbologiats douts the umber and spe- 
cific charactet of the instincts that McDougall umumed asthe 
Foundation o€ his social peychology. and even question 
‘whether the concept of iowioc thus employed has a natural- 
atic basis, While sociologists recognize the remarkably rog- 
iertive character of Trocter’s work, they question the exi- 
ence of any specitic herd instinct, pretersing to record the 
‘modification of behavior under the influence of social force, 
to which Freud in bis clinical approach gave the name of 
Super-Ego. While modera sociologist are agreed that valid 
[eineiples are rooted in paychic motivation, the attempt to 
{ake over the conclutions of social peycbalogy—in w scmse an 
independent discipline—have not reached a eistuctory wage 
and reflect the errors of an inadequate social paychology it 
elt 

‘Among the political problems and inaitutions on which 
sociologuts bave assumed to give us authoritative opinions is 
that of democracy, which turns upoo a view of the excent of 
the differences among men. Social philowophers rach af Le- 
Ban, W. E. H. Lecty, and Sir Heory Sumner Maine have 
‘adonalized their eneem of an aristocratic vociety into beit- 
ting of democrary. Other writer of the eugenics persuasion 
bbave ausaiied the principle of democracy from the standpoint 
‘of that of philosophy. They hold that the dominion of ociety 
‘must be turned over to the able individual, and bey strew 
the mental incampetence or mediocrity of the masses, Op the 
‘other hand we have enthusiastic defenses of Beroocracy, which 


W. G, Somaner, Ludwig Sein, Charles H. Cooley, Albion W. 
Salt, nd Charles A. Ellwood. Cooley contended that the 
common people have ap upummaily sarewd cxpaciy, aloe in 
the manner of vox populi, vx Dé, for judging the meri of 
toch persons and public police? 

no ee ee a somata 


i 
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Discriminating sociologies take 2 middle ground. There 
are certainly great differences in expacty among ca, and 
he social gual is to put the ablest in positions of leadership, 
‘Yet mental ability doesnot ensure wisdom. Some of the most 
menacing fgutes ln cootewtporary life ate cca of pre#minent 
inneUcernal capacity, Brain power is by no meant correlated. 
With the possesion of sound ideas or a wrse for ncral valves, 
Moreover, sloce the mastes coonitute the majority of those 
who are directly aflected by government, they rowst murely 
have some part ia iu determization, Peshape the mort sent 
‘le approach to the whole problem of democracy was that 
of Giadings. He contended that, whetever the outward form 
of guverement, be it monarchy, aristocracy, or democracy, the 
few will always rule. Ability will inevitably come to the top. 
isthe preferable form of government because it 
provides the best opportunity fer the able few to rule and 
rile jutly apd effciently. Democracy affords more effective 
checks npoa selfshnem and coerapeion than do other fora 
‘of government. With the current trend toward Fascia, & 
umber of sociologists have rationalized expediency into elab- 
‘ora sociological rationalizations of the Faseiat philowphy, 
‘This, however, would hardly apply to Pareto in that he 
evinced definize Fascist leaning before the advent of the 
present région in Italy: be wimalated Farcism rather thant 
onalized existing Fascit practices. 
Soriologiss have also taken decided postions with respect 
to imperialiam, the expansion of the white race, and the ex 
‘teneion of the white man’s burden. ‘Two of the most ardent 
defenders of imperiatiam and the rabjection of inferior rice 
‘to white dominion have been Franklin Henry Giddings snd. 
Benjamin Kidd. They have contended that civilisation and 
Plugrem are prowioted by wuch a process. This positon. has 
(been shatply anacked by other writer, notably W. G. Sum 
ner md L. T. Hobhowe. These bave pointed out the great 
‘expense connected with icaperialins, it brutaliring tenden- 
Ges f8 unfortunate reactions upon democratic insttations 
4 home, and ita aimulation of war. They have alio que 
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tioned the assumption that the native racer are inferior, par- 
Gcularly for the responsibilities of the environment Uhcy 
inhabit, Again che argument turea upon the racal diferences 
of mankind. 

‘A further application of exciologial chought in which the 
‘preposscasions and traditions of mon play large r6les and in 
0 las visiate objective coneluslons is that of morals xn vel: 
4300. Some, like Charles A. Ellwood, have sought jurtifice- 
tion of Chrizian ethics as 2 superioe code and sacribed 10 
Chrinian doctrines the highest social values Sociologis who 
approached the subject more objectively ave scoght the 
origins of religion in the deificacion of group values (1. W. 
‘Ward and F. H. Hankins) or ia the rationalization of crowd 
atimalation (Durkheim). Hixoriallyminded swciologise 
tract the evolution of religious forms and belieh in terms 
‘of general culeute (Hothouse) : othere indicate the intetre- 
lauoo between religious betiels and economic Factors (Mex 
Weber, Eran Troctach, and R. H, Tawney). Those views 
‘with others indicate that there is x growing tendency for 
sociologists co investigate religion in scientific fashion and £0 
look at moratty in a naturalistic and scientific manner, ante 
Iyting moral codes and custom with objectivity and impar- 
Aiality (Leslie Stepten, Durmnt Drie, Jacves H. Tutu. 

J: le not pie wm Inch in the wre the spliton 
‘of sociological theories to social work, with ity 





corrective mmeaturet well-cutblished sociological policies, and 
( derive from the eudy of “cases significant data for tor 
iological generalisations, The largest problem in this domain 
is that of criminality, which under the influence of wientie 
iscipliges has rien to the proportions of a special wience— 

‘Phat the coune of thought and body of doctrine forma. 


lated in recent periods as sociology are replete with erser i 
ineligible. In mbjecematter it deala with complicated u- 
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‘man relations, themacives the Iam to yield to the objective 
approaches and methods of science Iss progress was hindered 
by emotions) acachments 10 established exadicions Even 
‘trained thinkers could not contemplate with deuchment or 
appraise without prejudice Uae validity of ideas embodied in 
inatitations uncer which they had grown up with die senti 
‘ments of lopaty. In addition, views of the origin and nayare 
cof man md his wocial aatas were banded down from o'er 
‘Patterns of thought which had solved such problecs by prio- 
ples of authoricy, of dogma, of entrenched conceptions of 
moral Geness. jocluding abo, ia x rempoter background, soper- 
natural causes and speculative amumptions. In compensation, 
‘the recency of sociology gave it the benefit of concepts of the 
‘origin of man, of evclutionary progress of a broadened geo- 
gpaphical and ethoslogica? horizon. Tr lis major features 
sociology reflects the amme order af crrar-—the eubjective in- 
‘tutions and rationalizations expecisllymas beset the general 
onrie of the bumaniseic disciplines More chan any other 
department of knowledge it was affected by the vast economic 
reconstructions of the social sructure. In this bearing socio- 
logical theory was called pon ia the direction of public wel- 
{re, and even gross sociological error, as i the eae of Aryan 
jam in Germany, has been appealed vo in support of public 
ppoligy. Iz these implications lies 2 sores of danger for che 
‘reedom of the social sciences, 4 some rexpects comparable 
to the dogmatic preatare and taboo that impeded the free 
favretigation of the physical and natural sciences in the post. 
“The firm exablishmaeat of x natwaliac bars for the inter: 
‘Pretation of man and his works may be counted upon as 0 
‘dabiliing force in the further progrem of sociological 
thought. 


Cuarrzr XII 
ERROR IN MEDIGINE 
By Howard W. Hoggard 


‘THE IMPORTANT ERRORS of medicing ore not thot in 
AeNich the Phymcnan ieetng the indurdual patent fs te apply 
to Bett advantage the avilable Anontedge of medicine-whan he 
takes minions and mistabes. The vera of such are insigmf- 
ant in comporson with those erseng from erort in the bare 
concepis of medicme. The sustaher of the physicnam aft only 
ihe nau pen; he eer af bane cone aft the 

‘During the last hundred yeart the pracncl achievements of 
medicine Jor preventing duvase and sifering and prol 
I taster phar Dee ht opponent 
‘ete ar itis todey—the average Length of ramen life har more 
thon doubled. This Bencfcral sdeancement 1s a8 much the rent 
of evercoming eror oof achieuing new hnoaledge. Indeed, the 
correction of ervorw the fiat sep tonard acquaring knowledge. 

‘The most pernutent arror in the feld of medicone is com 
Placeney—the tendency 19 sccept the prevailing belie at fal. 
‘Thu error leeds to the berdination of fact to theory, all new 
fodingy ame interpreved only im the ight of the prevting 
Philorophy; the old ix clung to with patoonate persitence. 

‘The mat important of the erroneous Basic concept that have 
dominated medicine i that of the supernaiaral origin of diate, 





thesia of medicine ntl the sicth, and AYIA centunes a. tte 
‘ll the betel of unciniiaed peoples. 

The errr of ope tht freind the Song earl of thi 
falie philoaophy war one whch st dominates the medic! fel- 
lecies, edt, end quackeres of today, and particularly the medical 
lestinionials of modern advertising, Iris the fallacy of post Roc, 
Sp prep hoard hectrs eso 
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‘Science introducer 4 shepiciom which tends 10 eoercome thst 
error of loge. Science rates the question: Ded the patient recover 
‘beatse of the remedy or bx spite of the remedy? The question 
then rained acted by the scaled controlled expenment. Ths 
Iclentife skeptic hat not yet permeaied the public, and 
neither has tha concept of the controled experimen Hence tht 
crrar ithe eat rastient one in popular media! bei. 

But rientific medicine sue ie nok wholly free from basic 
error, Experonentaion, which has Been the great source of 
‘medial advancement, har focused attention on the physical 
father then on the emotional expects of dscase. Today medic 
4 not yet fully « tclence. The eror of ooeremphant upon the 
Phyuical as deftly led toa dectine of medicine at 0 art. 








J[X LOOKING back over the medicine of the pas, the 
‘errors that catch and hold atzention are thove which are 
really of eax importance: they are what may be called the 
‘error of ignorance. They appear as the amazing medicat 
philosophies 10 which men dave devoted their lives, the 
‘weind beliefs concerning disease in which they bave sought 
health, aod the usclew treatments with which they bave 
tortured their Beak. Such ignorance can be pitied; it can 
even be condoned if with ic dere is verious effort to find the 
truth, to remedy ignorance by guning knowledge. There ix 
1 far more serious error of medicine than mere ignorance. 
kis one which is ingrained in human behavior and which 
‘has marked beyond all others the history of medicine. It ia 
the extor of complacency, the roatinual tendency to accept 
‘what ia known as the final, to cease the search for kagwledge 
and to crystallize both fact abd fallacy into dogu. 

‘What is spoken of as the progress of rordicine, the ad- 
vancements by which mvage medicine over che centuries hat 
been replaced by maodern tedicine, has not been a cnn- 
tinuous progrenion. Quite the contrary. The umual and 
hhence normal sate of medicine has been aoe of almost com- 
plete stagnation and complacency. Ceatary after ceatary bat 
ated in which not one single new fact was gained in the 
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ceite Gelé of medicine-indeed, when the search for the 
new wat rigidly Forbidden. 

"The progress of medicine has been made by almont ex 
losive bursts of activity which have uattered the then ex: 
ing structutes of medicine. Ta the enthuainm that fol- 
lows these outbumts definite progress is made But alwys 
the impetus diew oot; the stiraulating state of fax is arrested 
‘by the deste for uabllity ‘The wructure of medicine is then 
rebuilt; iy pattern is changed, but is form again is rigid, 
For 1 century--pethaps ten centurier-edicine continues 
in the comforting sute of aubllityand aerity—until the 
next brief outbunt of progress. Such Jat been the history 
of medicine. 














There have been only two major periods of medial 
[progrem since recorded kisory, but at leat one other must 
Ihave occurred before thet time. As it is fist encountered in 
the record of antiquiry, medicine ia ix x phase of com 
pplacency. It exists 2s rigidly organized religious healing auch 
as that of early Egypt. And Egyptian medicine, as of all 
civilization of that period and euch Tater aso, is simply an 
extension, en amplifcation, of primitive medicine. The 
Javage ar some far carder period founded its guiding pria- 
ciplerthe belief dhat disease is duc to the action of wuper- 
natural forces. 

‘The fint recorded outburst of medical progrew occurred 
3n the Greek and Greco-Roman civilimtions during a period 
cextendling from the sixth eneary me. 40 the second century 
‘ax. The progres during this period was not continuon— 
indeed, there were at times definite ; Dut the 
episodes of activity were nuficiently clove to justify inclu 
sion of these eight centuries as a period of rardical read- 
jumment. 

"The era opened with the overthrow by the Grecian phi- 
Josopher of the conorpt of the spivitualiie cause of disease 
and the founding of natural science. It reached its peak in the 
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smedacal teachings of the school of Hippocrates (died about 
157 22), the Sint science of medicine based upon the fact 
‘at knowledge of alesse and ie treatment isto be gained 
nly by critical observation and careful description of those 
who are pullering from disease. 

‘As leas fundamenta! levels there were episodes of progres 
at the school of Aleandria in the fourth nad thid centuries 
‘Xe. Human anatomical and physiological study was founded. 
1 the fit and econ centuries A. there was again deni 
‘Advancement. ‘The materia maica (10 become the berblt 
of the Middle Ages} was originated by Diowcorides, and 
obuetrct and gyoecology were improved by Sormnas of 
Epheaus, The period closed with she work of Galen. His 
‘emuribution to progrem lay in the fac: hat he performed 
experiments pacticulasiy in nearophyiology. But ia apie 
of this fact, Galen, pechape more than any other znan in the 
cntire period, was guilty of the error of complacency. He 
auempted to wabilize the mmucrure of cedicine by nem: 
aueing every fact and every fallacy. So anocenfal were his 
‘iors in this regard that for neaiy 2 milleonioma and a halt 
ater his deuth his sputeratic wotks were accepted 48 the 
jnvelwable suthoriy in medicine. He exovenicnily settled 
very question of meticice and fllysxiied Use complacency 
of these who came alter his. 

‘The second episode of medical progres, the modera, cone 
sacnoed with the revival of learning and the Recaimance, 
‘Iu begioning was marked by the renewal of observational 
study after the principle of Hippocrates, best represented 
by the anatomical studies of Andreas Veuliut in the six 
teenth ceatury and the clanifation of disease by Thomas 
Sydenbasa it. che seventeenth. Next, the experimensal 
method of Galen was revived and was amplified by che me 
of mathematic pbysic, asin the demonstration of the cir 
colaticn of blood by Willing Harvey. The progres of medi- 
cine fram then oo followed closely the progres of the nat 
ral wieoces, The modern epoch had its peak—pechape it 
will rise no higher-in the discovery of the bacterial cause 





ERROR IM MEDICINE 198 
of infectious disease in the Inter half of the mineveenth 
cenexry. 

‘Today we will ride on the crest of an epoch of medical 
progren—the one characterized by the grestest practical 
Iheights if ot the most furdamectal philosophical depths 
How intensively maccesive generations will maintain the 
roe sate of movement oaly the future can reveal, as only 
it will reveal how sooa men will again fall back into the 
‘error of complacency and yield to the satisfaction of on- 
progreuive medicine. It is dificult to believe that they can 
escape the decper-seated error of medicine. 


‘There are in medicine, more definitely then in any other 
field mve pethaps religion. practical reasons lor this repeated 
‘tendency towards crpullization. 

‘Medicine ia both an art and 2 science. Iss xience lies in 
the impersonal factual knowledge and method leaned by 
‘bseraation and experisncat—knowledge gained by eudy at 
the bedside, in the astopey-roce, and in the Iaboracory. The 
acrumulited knowledge of medicive is the commen property 
of alt phpiciane The art of medicme is not factual o€ 
‘universal: it is personal and individual It is based an the 
interplay of buman pereonalitiey that of the physician on 
the one and, and those of his paticnts on the other. It ix 
manifest as the abilicy to influence the behavior of other 
imenmsick men—40 that they will have complete confidence 
in the physician, not as am exponent of wedical acience, but 
‘4a can,» personality. It is by art that the physician molds 
‘he actions the beliely of bis patients so that be can apply 
with full eo’perntion the measures of prevention und trest- 
ment indicated by medica) science. The factual knowledge 
(of medical science deals ooly with the pees of the tab; the 
art of medicine transcends this Himitation aod deals ae well 
‘with the prychological sapects of the patient, 

‘The art of medicine 1s vastly important to the succes of 
‘he medical practitioner. And art is practised bert when the 
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Physician has positive belief in ube Enality of the factual 
smaviersat bis command. Faith in the practitioner éraws forth 
faith foro his patients When medicine is in that sate of 
flux which we call progrem, a severe handicap is pot upon 
the artsy of the physician. When the knowledge gained 
yyaterday becoenes error in the light of the Enowledge of 
today, skepticinn develope, Skepticom ia esensia] to progres, 
‘hut it destroys the certainty, the dogmatinn, that inspires 
conSdenee. 

It is notable that the art of ruedicine has flourished bee 
when science was advancing leart, and equally 40 that those 
doctors mos highly trained in. xcience do vot by any means 
always make the best practivonert 

Ta the very necowity of practising the art of medicine View 
‘a sirong influcace teoding toward the error of complacency, 
the error of systematination, which in turn results in the 
Jomger werite phase between the brief epochs of medical 


‘Today unquestionably the art of medicine has declined, 
‘The muraber of physicians engaged in the broad feld of 
(groeral practice has kkewise declined: the ausuber who have 
‘turned to the soore impersonal and more restricted fields of 
specialization has increased. But the most striking feature 
of the readjutmienc to this petiod of flux isthe increasing 
appeal to intelligent laymen of dhe simple dogmatations of 
the quas:medical procuciones, the charlatan und the quack, 

‘There isa powibility that the dificalty standing in the way 
of the continuing progres of modem medicine may yseld 10 
discoveries in the field of prychology, and capecially py 
huatry. Then—though it seems remote at presenttbe art of 
medicine itself may be made ina a wcience. 

‘When the physician can evaluate and cantrol the paycho- 
Jogical anpects of his patient with the sme precision thac he 
‘an sow evaluate and control the symptom of bis disordered 
fea, then, and pertaps only chen, will the progrest per- 
sin. ..and the eror of complacency dimppear. 


zeron 
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‘Basic COnCETS OF DomORAHCE 

‘We tum now to the more striking and more positive ecroey 
of medicine, those of ignorance, frow which no age, not ever, 
the pracat, bas ewaped. The mere cataloguing of cack 
known error would fill many volumes, but on cxamnination 
‘we should find that most were simply variations of a cou- 
[pannively few basic crore 

‘Thus, one may read in eighteenth-oentary newspapers 2d- 
vertisements for proprietary tooth-powders intended to stop 
dental decay iomediately. In the pseudoSalernitan docu 
mets of the Middle Ages fursigation of the teeth with the 
smoke of onion-seeds is recommended for this purpose. In 
skill eatties works even raore devious methods are rugged, 
‘uch as eating m mouse or the lew disgusting mesrure of 
‘vubbing the teeth with crusbed herbs, in spite of the dir 
Aimlanty of these remedier, all aimed at one action—kilting 
the wornnt that were supposed to eat aveay the eubstance of 
ax toock ab worm eat away the pulp of an apple. This betel 
in koown to have existed is ancient Babylonia; it probably 
exited much eater, and it persisted until the nineteenth 
century, Every sepatate one of the mulkitodinows means chat 
Ihuman ingenuity maight devise for Jilling the worms sup- 
‘poted to be fa the tooth would, in a dawication, constitute 
4 separate error. But the basic error upon which all others 
depend was the errooeous concept of dental decay. It is the 
concept that constinuter the important error of ignorance. 

‘With the development of modern bacteriology the fart wat 
demonstrated that the actna? desruction of the tooth during 
dental decay renulted froca Bacterial sction. Bacteria thus 
replaced the worms of earlier generations. The prevention 
of decay fad then for a time e4 iu theme the ose of the 
toothbrush and dentrifices, particalarty antiseptic dentrifces. 
‘The tlogan exprening the belief chat bacterial action was 
the basic cawe of decay war “A clean tooth never decays.” 
‘The acquisition of further knowledge showed this belief to 
be in error. “Clean” teeth could decay, and moreover it was 
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‘mpomible to rid, more than cpementariy, the teeth and 
spouth of their bacterial fora by any known dentrife or 
antiseptic. The fendaments] came of decay thus receded 
into the Sela of heredic, det, and local blood-eupply. Wish 
the change in point of view the exploitation of dentrifices 
changed correspondingly: dhe emphasis wat no longer put 
‘90 the prevention of deoxy. but on preservation of beauty; 
in the cult for white teth the inevitable “health” appeal 
cemered om stimulating the gum with the mumage of 
‘brushing. 

Each ofthe dentrifices previously exploited to rid the teeth 
‘of bacteria would, in clauifcation, constitute x separate error, 
‘But here again the basic ecror upon which all of the others 
depend was the erroneous concept of the primary cause of 
denial decay. 

1o dealing bere with the ecron of ignorance, emphacia 
will be placed upon such basic concepts rather than upom 
the separate measures, unully logical and often ingenious, 
tat were dictated by the concepts 

sUrmEATUEAL CACHE OY DISLASE 

Moet of the fundamental etrors of medicine were orig 
nated loog before recorded history and were mutate and 
‘well developed when handed oo 10 the caries civilizations, 
‘Very largely it i these same fallacious concep that ave 
consituted the errors of eedicine in all macceetiog ages 

Cereaaly no single ercor had 2 more profound influence 
spon the ooune of medicine than the Belief Uhat disease ix 
dove to mupernatural causes. Ie domioated completely the 
fore of all medicine uncil the sixth and Gfth centuries nc: 
4 dominates the form of medicine for che grezier pertian 
€ the inhabitants ofthe earth tay. It in a part ofthe belief 
that all of che misfortunes of mankind result fyom the inter- 
vention of supernatural creatures. Variations in the forms 
antributed to these creatures at different times in history do 
‘tot alter the basic belief but reflect merely the mages of 
‘eligioas development 
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For the mvage the forces of misfortune were the stple 
‘spirits and democu that inhabited his surroundiags, the river, 
dhe trees, the rocks. These creatures of evil intent brought 
‘MJoew by tormenting the bodies of moen or even by inhabit. 
ing them, pomeming them. Yn the subsequent evolution of 
religion and the development of gods and goddess, of the 
‘one God, of angels and even of the Devil, the general 
principle sill pervised: but the mechaniam by which the 
‘nlsforrune was inBictat of oeceasty ahered to corespood to 
prevailing variations The Egyptian god Set shed poisoned 
‘ears which emved disease in men: Job, at a tater period, 
‘was tormented with the “arrows of the Alsighty. 

Beliet in the spiritualistic origin of disease was widely held 
during the Middle Ages and the Renaissance. Postestion wan 
the accepted cause of insanicy. The belief owed into such 
channela a5 that of witcheraft and magic. It was trannmated 
(adualy into the belief in the harmfut fects of night air. 
‘Evil spirits and demons were most prevalent during the 
‘ight, and there was always the likelibood that one might 
bbe inhaled. Precautions were taken against this danger. Even 
atter the belief in pomenion declined, the precautions were 
continued in this eae to avert the il effces of night air; there 
was supposed 10 be some baleful influence from the at- 
morphere jell. The spirits became the mist. Muffery 
‘were worn over the mouth after dark, and bedroom wiodows 
‘were hermetically sealed. 

"The legendary belie spiitualisue i origin, of the harm 
from miasms is perpenuated-and not without some jutifica- 
tion in this casein the term malaria, from the Italian words 
sale aria, bund air, referting to the mists from 
epiom—dhough the mouqnitoe from thate places, vot tbe 
tic, carried che diseme. In the Gnt balf of the nineteenth 
Cceotury puerperal infection was wil! someticoes atributed 10 
‘corruption of the air; in the later half of tbe mie century, 
Joseph Lister father of roodern antisepais, meations miaaic 
‘causes as one of the theories previously advanced to account 
for wound infection. Even in the early part of the present 
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cenorry, plumbing codes were rigidly enforced ta insare che 
acape of sewer-gas; for the odor wat sill believed to be at 
least a contributing factor in causing inteetioas diseases, 

‘A natural exurnsion of the spiritualstic conception of 
diseae in involved in the belief that deities have the power 
‘ot only of inflicting disease, but also of reveking the (njury 
‘they have inflicted and even of relieving that caused by oder 
‘cupernanural creatures. Thus. the Egyptians appealed 10 
their gods, particularly the deified physician Imbonep, for 
relief from the machinations of the demons. Tue Grecks 
sade pilgcieages Zor similar relief to the temple of their 
healing god, Esculapiua. The Romans likewise sought re- 
covery from disease by ofcrings made vo their many gods 
and goddewes, The Christians in warn Desought with prayers 
sand eacrifices the baling aid of their Deity either directly 
‘or indirectly through ihe interceawon of the saints, Indeed, 
in time a certain degree of medical specialization was attrib 
tuted to the minu. Thus Saint Antiony became dhe patron 
of those suffering from ergotins, Saint Lazarea of those with 
leprory, Saint Appolonia of those with dental diseases, and 
Saint Vitus of those with chorea. Likewise some of the relics 
and some of the hely places had powers ia alleviating definite 
ddueases. Even in modern times, with the wide recognition 
‘of the natural rather than the aupercatural cause of disease, 
efforts at religious healing will pecsut, as in the miracles 
anticipated at such abrines as those of Lourdes and Saint 
‘Anne de Beaupré. 

Cerinly the mot novel of the delegations of divine 
healing ability is found in the custom of the royal touch 
for the king's evi. This disease was scrofula or tuberculosis 
cof the glands, omually of the neck. Over « long period of 
time the Freach and Engl belicred thet the ability of the 
{king or quoea to cure this disease by tooch of the hand was 
evidence of the divine right of king. Anne ws the last of 
the English sovereigns to practive the custom, but io the 
nineteenth century it wat tevived briefly in France. 

‘The separate means by which divine healing virtues have 
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‘been invoked ate almost infinite in number, but each is 
merely 3 mode of scistying the dicextes of 2 single central 
erroneous coRcept. 

‘The origin of the belie in the epiritsatinc cae of disease 
ia lor in snsiquity, But it seems probable that it grew out 
of the very onture of the elementary reasoning of ignorant 
human beings. The avege from che very beginning was 
faced with accident, disease, und death. Men were struck 
down by other men; chey were ton by animal, acd they 
were crushed by flliog weet. Pain, disease, ane death fal 
lowed from these accidents. The various visible forcer-the 
enemy, the beast, the tree—were agencies that caused the mie 
fortune. But there were other men who appeared to exhibit 
the eflecta of auch aecidents, who muffered and ded, and yet 
‘who had not been acted upon by vinble agencies. Neverthe. 
leas the ects of tome agency were evident. What, then, wan 
amore natural than to reason thot there must be invisible 
‘agencies? This was 2 sound deduction. It was in identifying 
the agencies that che mrvage ade his fundamental err. 

"The diacovery that infection ig eased by parasivesinvstble 
to the unaided eye came within the lfeime of men mill 
Fivwag. Lacking wholly auch knowledge at completely he 
lacked a microscope, the savage deduced the agents; he 
created a world of invinble creatarethe spirits. Confusion 
of life and motion led to the personification of the in- 
anwiate; the phantary of dreams was interpreved as evidence 
‘thar some ewence from the things of the world—even of che 
dead—could materiahze from 2 distance and then at the 
momeot of waking dematerialize and become again invisible. 


PANEASTIG REAOEDNES 


‘With the epiriu postulated at the cause of divease, the next 
step was the prevention and treatment of disewse by measares 
intended to keep away or drive away the spicis, Effore to- 
‘ward these ends have yielded most of the specific errors of 
ignorance in medicine. 

‘Viewed without the prejadice of familiarity, no practice 
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in medicine ia aanges than that of medication—the eyallow 
‘ng of berks or aainersl ar even animal substances, not as 
food, not to wtify a natural craving, but specially wo 
correct shred functions. No practice bas filled a greater 
place in the medicine of the past. Perhaps if the savage had 
‘not founded medication, this basic branch of therapeutics 
rmight uot have been discovered even yet. But in the phi- 
Josophy of che spiitualinic origio of disease ic war both a 
‘uatural wid « logical sep. 

Human egotiaa bas always been to the foreground of all 
religions belics; the eavage was mot created in the image of 
bhi spirits, bat be did create the spirits with his own likes and 
inten Consequently those things which were unplearant 
ta the man were unplesant to the spirits, Experience smut 
hhave acquainted the savage with many substances of un- 
ppleasane taste~astringent bervies and barks, bitter and nawe- 
axing hetbe—which could make the man's body unpleasant 
for the wpirita. Experience too muut bave revealed other 
substances that caused mlivation or acted as emetic. and 
purges Visibly the spirits fawed from the ody sith the 
serretiont or factions; the accoespanying revolve effect: 
‘were further evidence of the upivta’ departure. It was per- 
hhape from 2 crude Degioming such as this thet arose the 
principle of medication. The number of substance that 
might serve mi medicaments wae Haaited only by the scope 
cof human iogenuity. In tbe years that followed, everything 
that grew oa the face of the earth, that walked or crawled er 
flew or swam, even the minerals of the earth itself, found 
their place in medication. 

‘The neariy aniversal quality ofall medicaments of the past 
‘wus thete tunplearantnem: even today (and ic was more #0 2 
ew yeart age) the Ignorant paticat is prone to judge the 
‘vittae of hia “wedicine” io proportion to the vilenem of its 
tate, Castor-oil certainly owes its vogae asa purgative in part 
at last to ita unpleasant taste. 

‘An enumeration of che multitude of medicinal mbaances 
‘recounted fm Egyptian papyri, contained in the writings of 
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the Grecks and Romans, filling the herbals of the Dfiddte 
‘Ages and the medical texts of the Arabs, and comprising the 
‘older pharmacoperias of Europe and of this country, reveals 
only the errars of spplication and the breadth of human 
‘imagination, Exctement even (ty specs), powdered mummy, 
ground-up jewels, insect, unicora horms, besoar stones, shoe. 
leather, rcostrual blood, viper's feth. eave, and the moas 
scraped from the skull of a man killed by viotence—and these 
are only a few from many—have all been used as wedica- 
_ments, with fll faith in their curative powers. 

Certain medicaments were believed nex oaly to repel 
discue, but to carry in addition some of the spiritual 
(qualities iohereat in the source froca which they were de- 
rived, Thus, the heart of x lion or that of a valiant enemy 
fave bravery and Serceneas to him who ate them the Ing 
of u fox yielded “loog wind” and its brain cunning: the 
grease of a bear applied to the xalp made the hait grow, 
And that of a anake ot exrthwotsm rabbed on the skin made 
the muscles supple, Rattlemake oil was sold by treet comer 
“medicine men” at a liniment for theumatiam even within 
the twentieth century. The vogue for rare rout beef in the 
ict of athletes during training and the belief that row smext 
makes dogs fierce cay be traced back to the conception of a 
spiritualistic influence of diet. The auggenion cxme 60 doubt 
from the fact that the fiesce carnivore ext sent and eat it 
av; herbivorous animals are universally much gentler. 
‘Along similar lines we find that definite spbolic qualities 
—~wbolly imaginary oneshave been amigned to the organs 
aod even the vecretions of the body. Formerly the Ulver was 
the seat of semual pasion; the heart bas wow osutped this 
function with the somewhat more retned tera of the "tender 
‘ezotions." and from it comes the symbolizatioa that yields 
‘the bleeding heart, the broken heart, and the sweetheart. 
“Tihe fact that the Blood rather than the genes was formerly 
surumed to carry the vital principle of heredity is maintained 
in the language in woh terms as the “blood ling.” “bad 
‘blood," and “blood-relations.” Of all of the secretions, went 
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thas the most varied symbolic significance: the eveat of the 
lbrow i the noble Buid by which bread is earned; the eweat 
of the feet (exactly the mame secretion) is wholly diaguting, 

‘Ap equally symbolic deviation but of teleological origin 
is found in the belief that plants bear the “siguatures" of the 
diseases for which they bave healing virtors, Thus “eye 
bright” is remedial for eye disease and the notzarg for brain 
disrurbances. Needless to sy, this ancient thevis bed the 
advantage of convenience in the selection of remedies; its 
‘extension was again limited only by the visual imagination 
of ita exponents. 

‘The overthrow of the splritaalizic conception of disease 
‘by the Greck phyticians and philosophers did por do away 
‘with the multiaade of nscleat cemedies, even at the hand of 
‘hyticians who followed the nataral sciences. It atbetleuted 
merely new theories which gave other but equally unsound 
reves for continuing the vogue of exeasive medication, 
‘The general theory of divcase accepted by Hippocrates and 
actively exploited by Galen war Pythagorean in origin. 
Under this concept all eubstances, including the human 
body, pomemsed in some degree the qualitis of heat and cold, 
wemnes and dryness Disease was a disruption of the balance 
‘oF these qualities im the body; the disturbance was to be 
comerted by the adminiaratian of substances poweuing the 
particular quality lacking in the body at the time. Herbs 
and animal yabecances were in turn clamied according to 
‘their qualities and administered a5 needed. 

‘The only virtue of chis stem lay in the fact that very 
largely the more poisonous mineral substances were avoided. 
‘The herb teas and concoctions did ne direct harra even 
they did no particular good. This type of medication sur- 
viver now af the bome remedies—as the “suatras tou” of 
ld women to “cool the Blood” snd the proprietary “herb 
remedies” averted in our newepapers A harmful quality, 
indirect bot nevertheless ecrious, is jnhereat in the we of 
all soch medicaments Their employment presupposcs 2 
ixgoouis on the part of a consumer unqualiSed to make x 
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agnosis. Avcempts et “selétrextmment” even with “karsalen" 
remedies often keep the man who wolfe fom some serious 
ailment away from the physician un! the disease, powibly 
amenable to prompt treatment, has advanced beyond the 
poutbility of arresting it. 

‘The mineral medicaments, iron, arsenic, mercury, an 
timony, and the like, were introdvced extensively into 
‘medical practice at the time of the Renaissance. These (with 
‘the exception of antieoony) were of rea) cHictivencas in trent: 
ing cermin disease, but ehey had the great disadvantage of 
acting, fa the dou thea often employed, xs virulent poisons 
‘For ecaturies the roedicat profession war tora by the confit 
‘between the “herbaliea” and the “mineraliss"—the former 
‘with their harmless prescriptions containing a vase array of 
‘vegetable nubttances maioly useless, and the liter with their 
simple prescriptions for a single highly potent subscance. 
‘The argument was finally setled only by modern methods 
of phynological investigation. 

Tk would be unjust to amy that mooe of the older and 
exopirial remedies were beneficial; some were definitely 50 
and gre extensively wed today. Opium vs a xdstive, mercury 
and vulpbur for skin diseases iron at x tonic, quittine for 
malaria, aloes, senna, castoroil, and calomel as cathertics, 
and hemlock buds and scurvy grast at antiscorbucia, were 
‘remedies well known and highly valued before the eighteenth 
century. But as a glance at the pharmacoparia of that period 
will show, they were the few valuable ones among the many 
‘wseless ones, 

Even hidden in the “brew of the witches’ caldron” there 
‘was occasionally 2 possible roodicum of value. The broth of 
Dolled toads was used to treat dropey: we should at once 
clase it a8 2 revolting mes, but modern science hat shown 
that the akin of the toad contains a sabsance allied 10 
digitalis in its action upon the heart and hence powening 
definite curative properties. Again, an old prescription called 
for burnt sponge in the treatment of simple goiter: iodine 
4s wed today, but burnt sponge i sich in iodine. A Chinese 
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‘prescription calls fer dragend bones in the treatment of con- 
‘vubioes of children, the dragoay bones being those of 
inowurt found buried in desert sand; calcium is used today 
‘to relieve the tetany of children, and bones contain calcium. 
‘But these remedies are curiouties; they are exceptional be- 
‘cause, iE correct applied, they were dehnitely beneficial, 

‘A.great put of the progress in medicioal therapy ha been 
the discarding of the vax collection of uaeleu wabsances 
prescribed in the pus. But this proces of discarding has not 
hezn the timple aweeping aalde of the alder remedics. Rather, 
ach one hat been cened and tied and saved oF rejected 
sccording to the dictates of modem science, 

One might msume that 450 cemusrics or more of dosing. 
‘bunman beings constituted in itself a fairly extensive phar 
imacological investigation which should bave wlved the prob- 
Jem au co which of the remedies in use were heneicia) and 
‘which were worthleas Such an atrumpticn is erroncous, 
Certain Iavic estore of Judgment, which can be removed only 
boy che application of aclence, have prevented a correct evalua 
tion; these same errors have applied also to other therapeutic 
‘meatures discussed here. 

‘The erroca of evaluation arose in each case from o0¢ oF 
‘more of the following reasana: 

1, The confauion of cause and effet, 

‘&, The lack of controlled experiments 

{The lgucrance of the varoparcie ability oft body. 

4 The failure to recognize the influence of the mind 
‘pan the subjective symptom of disease, and also the fact 
shat even pyvcal spmpioms may have their origin in peycho- 
logical disturbances. 

‘The fret of these, the confusion of cause and effect, is 
inherent in the post hoc ergo propier hoc type of logic. It 
vyelds the error of the medical tenimonial—the wcientiically 
invalid bat neverthelew fem conection that some form of 
Creatasebt bas “cued” the iodividual. A man falls dl; a 
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remedy is given, or 2 coure of treatment is prexribed; in 
HHme health is regained. Yn cis situation are all of the in- 
sredicnis ready for the application of fale logic: the man 
‘waa ill, be was treated, he recovered: therefore, he resovered 
Decause of the treatment. Post hoe ergo propier hoc} alter 
fs, therefore becauie of {. When men are i, eomethiog is 
aually doce for them: the majority recover. Before the days 
of the controlled experiment the recovery Was abimed 10 he 
‘roof that the treatment cured dhe dixase. Almost ny sreat- 
‘ment applied would, ander this type of reasoning, rezult in 
1 fair percentage of recoveries: hence the multiplicity of 
remedicn. 

Modern science teaches in this regard a deep shepticion, 
1k taives the questions: Did the man recover because of the 
remedy or in spite of i Might he not have recovered if no 
remedy war wed? 

‘To answer these questions, the physician of today turnt 
to the controlled experiment. In its simplest form, but for 
‘obrions reasons « form seldor uted, the pytician, in ceding 
a remedy, would select « group of patients, al suffering from 
‘the sume disease, tnd use them as experimental abjects, The 
group would be lange coough to allow ratisical validity, 
All ofthe patieots would be treated precisely alike except in 
fone single regard. Half of them, the experimental group, 
‘would be given the remedy to be tested: the other half, the 
contrel graup, would not be given the remedy. A comparison, 
of ube number of recaveries and the average speed of recovery 
in the two groups would ahow at once whether the remedy 
tewted was beneficial, welew, or barmfal. As the renult of 
controlled experimentation the aajority of the remedies be 
lieved in implicidy in the past have been discarded: but 
‘what is equally important, the poysician has been able 10 
select beneticial remedies and prove their socrit, 

‘As simple as the controlled experiment is in principle, itr 
application and inverpresation without error require at times 
the higher scieotifc skill. A famous instance tested to this 
tact. Ambroise Paré, the Freach aurgson of the sixteenth 
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century, was o0¢ of the eavliest to attempt in a crude way the 
controlled experiment, but he mised in part the coerect 
Interpretation. In treating a powder bura on the face of a 
soldier he wat perusaded by an old woman to we a dressing 
cf choppedup onion rather than the usual oinanent. The 
‘wound healed quickly. In consequence Part perfarmed an 
‘experiment to tt further, as be believed, the bealing vietue 
Of this vegetable, Finding a man who wat burnt on both sides 
of ehe face, he covered ane side with oaion and the other with 
cioument The ide to which we oon woe apie Heed 





experiment—merely a comparison between onion and the 
‘ointment then ia use. A further experiment with one side 
‘of the face entirely untreated right bave shown that onion 
‘wan merely tas harmful han dhe salve. Ard no doubt it was; 
for in those days oincments were often compounded of most 
dubious ingredients and universally cootaminated with 
acteria 

‘A similar cooclusion applies alto to the socalled weapou- 
ointments and to the famous powder af epcapathy, exploited 
by Sie Kenelm Dighy and patroninal by King james I. to 
using weapowointment the wound was simply cleaned and 
covered with « bacdage; the salve was applied copiomly to 
the weapoo. In using the powder of sympathy the wound 
‘was similarly treated, bat instead of anointing the weapon, 
which was often dificul to obtain, a piece of bloody clothing 
‘war dipped io a solution of the powder. In both cases the 
‘wounds healed tore quickly than they did when salves were 
applied, not because of any virtue in the weapon-ointment or 
the powder, but simply because the fthy oiotment was ot 
applied to infect the wound. 


‘The final category of erro in evaluation of remedier— 
{failure to recognize the influence of the mind upom the sub- 
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jective eymptoces of disease, and also the fact dat even 
physical sympcocs may have their origin in paychological 
discurbanices—applict leis to the use of medicinal subytances 
than to other form of treatment. It applies especially to 
peychotherapy, which was the main treatment used by the 
savage and by the prienly physician of early civilizations, 
and which i, of course, the bass of all religious and mew 
physical healing and a large part also of quackery and char. 
Intaniam. Nothlog wild bere is intended to ear. disrepuce on 
peychotberapy; properly applied it ia as valid and ‘weful x 
form of treatment 3s is roedication, But as with medication 
{ty section and application need the ngorous cantral of the 
scientific method. 

tis aly now that the modern sciences of peychology and 
‘prychiatry are rescuing this form of treatment from the hands 
of the unqualified and making it into a valuable therapeutic 
‘eure for the modera physician. A fair portion of what in 
sn earlier action was called the art of medicine falls in the 
field of peychotherapy. The wild incantations of the savage, 
the dignified ceremonies of the pricit of Imhoep and of 
Asculapivs, the miracle of shrines, and the pluloeopby of 
the negation of disease, all have clements rat find their 
place in the power of the competent physician to inuprre 
‘confidenos in hia patient. 

‘The mind influences the action of body: paralyst, deat- 
neu, bhindnes, constipation, indigestion, palpitation of the 
heart, may occur as symptoms of dishurbancea which are 
purely prychologieal. When they are of thi origan, they may 
be remedied, temporarily at Yast, by any form of suggestion 
that inspires confidence. “Miracles” of recovery bave oc 
curred from the mere touching of « boly relic: the lame 
have thrown away their crutches the halt have walked, the 
‘ind have seen. Similar miracles have been performed with 
‘medicinal substances, with metal rods, electrical appliances, 
cre philowphica) discumicos, and in fact with any form of 
treatment that catches and holds the attention and inspires 
belief im recovery, 
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‘The moat striking symptoms of physica! disease are pain 
and anxiety. Both are aubjective, they axe entiely mental. 
‘Any form of treatment in which the patient bas implicit 
Sth may ete pn ad mnie. Bes the mr selon 
symptoms-eymptomatic treatment—does ot arrest the 
cheng disease. Morphine and the various anemhetcs 
will abo relieve pain and blot aut anxiety, but 09 one would 
suggest that the mere administration of an anewetic would 
remedy an inflamed appendix or a gallaooe chat might be 
tthe cause of the pain, or cure the pmeumonia or heatt disease 
‘hat might be the source of the feeling of anxiery. 
‘The error of paychothcrapy, as it was practised by the 
vavage and the priest of che past and as it is ill practised by 
the cultix apd quack of today, lies in the fact that while it 
may relieve symptoms, it arrests no disease unless the diseate 
is enticely of poychological atd ot of physiological origin. 
In abort, the pain of a toothache can be stopped by sugger 
tion, but an abcess may form in the tooth and systeznic diy 
case follow regardlen of the presence or absence of the pain. 
Prychotberapy fil no denial cavities, i¢ removes no cancer, it 
cures no infectious diseases. 
Precise diagnowis by a skilled phypician is a prerequitive 
{to the application of peychotherapy, ost os cauch as it i to 
the application of surgery or medication. The nature of the 
digurbance cur be determined before treatment is insi- 
uted, It is seléevident that medication and surgery incor. 
rectly applied can of themselves camse arm; che harm of 
indiscriminately applied peychotberapy is Tess evident but 
‘owe the lew real. Unquertionably in modern times in many 
thousand of inaances the victims of cancer, tmberculois, 
diphtheria, diabetes, xppendicitis—to mame only a few die 
ases—bave literally lor their lives Because of delay in inati- 
tuuing proper medical treatment while they attempted to 
teat symptoms by exe crude method of paychotherapy, 
erroneouuly applied 
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maowons 
‘Exact diagnosis is an absolutely enential prerequisive 10 
any form of treatment-it is alo the moet diffcule branch 
(of medizal practice. Occasional crocs of diagnosis are i 
evitble, even at the hands of the most highly trained 
linicians; but the fundamental error in this feld today is 
‘not with the physicians, but with the Iety wb fail to appre: 
Gate the imponance of diagnosis or who steempt even the 
mpanibility of selédiagnonis. 

Froea the historical point of view the error of concept 
appears in the field of diagnosis as a coniusion of disease and 
diseuses, To the savage there was only ope batie diseme wate 
‘=a diturbance resulting from the action of mipernatural 
creatures, The variety of the symptoms that sick men pee. 
sented was interpreted as due merely 10 the way in which 
‘the spirits applied their torment. A pin in the bead and 
‘one In the foot bad the mme cause; in one case the sprita 
centered their action in the head aod in the other in the 
foot. There war only one cause of diseate, Diagnosis wa 
unnecessary. 

‘When the supernatural cause of disease gave place to the 
natural at the bands of the Greek philosophers, the sitaation 
to far as diagnosis was concerned was not greatly changed; 
the theoty chat the sympiams of disewe were due to an 
Unbalanced wate of humon or qualities within the body 
‘was subwtituted for the belief that they were crused by the 
action of supernatural creatures frou the outaide, Thert atl 
remained one general disease wate with many different 
‘manifentations 

‘The Greeks were interested primarily in prognosis aod 
ot disgnovis. The quenion raised wat mot what disease bas 
the patient, but what will the outcome of his fine be? 
Hippocrates in writing clinical higories was nor attempting 
10 differentiate disease, but merely describing and clasifying 
the symptomeneaplexsa aruing from = gencral disease tate 
in order thar the coune of the particular illocs might be 
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predicted. Hippocrates and bis follower, in evaluating 
symyroms for prognots, atudied their patients carefully by 
‘every means at their command. But in the years to follow, 
this vigorous method was largely discarded and replaced by 
legs laborious procedures. Astotogical prediction, the cating 
nf horoscopes, the mere visual imupection of urine, and 
similar means that could be carried out even in the absence 
ff the patient, served as the bases of prognotis and as the 
‘puides to therapy. 

‘Modern diagnosis in intrenal medicine arose in the terra 
teenth century with dhe overthrow of the doctrine of the 
‘univenality of disease at che hands of the Eoglah physician 
‘Thomas Sydenham. He advanced the pow proven fact that 
instead of one disease there are many. He defined divease 
cenutier and marted the sudy of the “natural history of 
dca.” Since bis tine one ofthe great advance of medicine 
hus been the development of means for diagnosis. Such now 
commonplace instruments or measures as the stethoscope, 
percussion, the clinical thermometer, the counting of the 
Julie, the X-ray, abd all of the seriological tts bree been 
developed apd applied since the time of Sydenharn. 

‘Today new measure of diagoosis, new meata of treatment, 
and in fact new diseases are being described in rapid woccer 
ion, "The modern period is one of the rare periods of prog: 
rem in medicine, A strain is put upon the practitioner to 
Keep abreatt of the advance of medicine, to adjust his 
{deat at each new concept and new discovery arises. ‘The 
patient of the modern physician is too often conscious of the 
lack of dogmatic positivenens which inevitably must exin i, 
the mind of the modem physcian. His tendency toa often 
i to dit into the hands of the charlatan, the cultia, and 
the faddist, who keep alive the crrors of ancient medicine 
the errams of ignorance and complacency which permit the 
practioorr an uncritical sate of mind and a confidence 
inspiring dogmatimn. Such quasi-medicine—folk medicine 
‘requires no elaborate diagnosis: it postulates one simple cause 
of disease which the layman cao readily comprehend, and 
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‘ie “cures” just asthe medicine of the sevage “cured,” becamse 
the body tends to heal ipelE in apite of the wrong treatment. 
Ii derives its credit for the “cure” not from merit but from 
the confusion of cause and effect 

‘Today not only the physician mur know che pitfals that 
are the errors of medicine, but the patient must also know 
them i€ he too will avoid them. 








Guarter XIII 
ERROR IN PSYCHIATRY 
By Abraham Myerson 


By DEFINTrioN pryeAtry tthe branch of sndicine that 
‘deals with the mental dscars. For the orientation of the ley 
reader it must be emphasized that the term mectal diem 
‘hae far diferent signifcence from the term insanity. Fnsanity 
ie fundamentally legal comoxpt-that i, at the preunt day. In 
cavlier days it merely denoted tomcone vehose conduct war 10 
‘straordinary that 1 could be explained only by establishing 
dome pomsion or some prishment; in other words, & 
‘natural signifcence tat given to the term. ds the world became 
fae fromthe stranglehold of theology, ax secular interpetm 
fiona and conceDtlont guined ground, the legal phaser of mera 
daracer Became dominant; and 30 prychiaty dent with tome 
thing which lepoly was on incapacity to edmdsiter and care 
for oes own aflers and, generally speaking to be rerporsibie 
fin he tociat sphere. That i, ou iniene person was owe who 
fcandd not adminiter Nt fcnces, enter Mato matrimony, make 
‘a wit or be tepontible for a criminal oct. Mental disse it 
‘far wider concept. 18 inchuder thee conditions which necee- 
late the sequettration, called somnitment, 4am intent opal; 
rut it atid deals with the sume indiciduale Tong before they 
Become committable or intane—that it, whew the disease procett 
ia in le earlier phases. Furthermore, {t dealt with many cond 
dona that vee reach he insane Roopisal ato 

‘Take, for example, the aeurouet. Phen are conditions of com: 
mon incidencemin act, 10 prevalent thet they form art of the 
practice of every medical man ond probably enler very conse: 
‘quently into all human relationships. The newrotic dis 
furbed te his emotional sable. He Becomes obvewed by notions 
of pathological type. Hla visceral functions become dirorgenize, 
ven though the most carefel examination tat we con make 
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the present tine shows 0 chenge in the organi structure 
of the crgana of the body. He revely becomes insane ox the legal 
seme of the term, yet his condition is more of a mental duease 
than thot of the individual who loner hia mentatty to the polad 
wf impotence by reaion of a syphilitic infection of the Bre. 
Becewte the siental sate of man enter a the dominant factor 
fn all his socal relations, the abnormal socal relation! have 
bacon att ofthe field of prychiatry. For exemple, in the estier 
dey of hroman relations the criminal wat regarded merely at an 
individual who chase of his owe free will to renge Aiel{ 
‘agoint society end to commit arts abhorred by the group and 
‘Dunichable by them. Later on, at the idea of couse and effect 
‘entered more deeply into the common kfe, conduct became 
tudied from the standpoint of causation, the criminal act end 
the criminal Mumseif endered into the domeie of science, and 
since abnormal mentary wight be postulated as « crust, the 
‘iychiatrst entered ragorounly and deeply into the frobiem of 
‘nine. In short, the puychiatst became a criminologut. We 
rand only meniton the fect that the great Lewbrovo, who gave 
snuch 4 1mm to the whole fald of crime, wos « foychitest, 
‘The renwal relations ave olveys dren source of difiruty 
to man and, in fact, have often obresre leguiotor, pnest, and 
thinker. The question whether frychvsiry might explein whet 
fre defined as abnormal and duhermonious sexu! lies become 
ised when the rexualife Became freed, én some measure, from 
taboo, At the present time the basi of the senval ie, and its 
ifcutis, ic one of the fundamental felds of peychoonalyiss 














‘beyehuatistr, notably mech men 
‘The function of the prychiatvist by these socal problems Ras 
been twofold: moet importantly, Re her Brought veto the socal 
consclounest the fact thet these felde may be sindied without 
loathing of moral impicetion-that is, may be studied objec 
‘ualy and without emotion; end he har contributed some rervltt 
of w acientife nature in the wey of lawt oxd formulations. 
The gaychiserict and peychatry Deve pawed from the stage 
im which the fal producer of mental duseeue formed the fuld 
of investigation to the sage in which the whole world of mental 
sctiviy and social relations in pert fall within the medical 
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domain. Probably this auerestension het duipated the energy 
of the peyehuatrst and has led hire to hasty end rash comclunn. 
Ti has, horasver, marked benefits. While foychactry may eli 
regret many of ils pronunciementoy, it has no reason to be 
aohamed of the Batic efects of itz activity. 


[i TERMS “ecient” and “moder” havea sigiBeance 
in payehiatry quite diferent fom almost any other 
Geld of science. Alshough meatal disease bas been known 
sand described from most ancient days, there was no organized, 
paychiatry unsil early in the eightersth century and no co- 
‘sequential specialization in the field unsil the nineteenth 
century. Hence, discussion of error in peychiatry has its own 
Chronological relations: what would be modern in astronomy 
‘would be relatively abcient ic paychiatry. We speak of men 
of the late eighteenth and ently bineteenth centuries na early 
perchiatrinn, whereas astronorsen, for example, of ienpor- 
tance appeared over two thousand yearn ago, The reader, 
therefore, mouat Keep in raind in this discussion that time, 
$0 to apeak, is telescoped into a shorter space in this chapter 
than perhaps in any other in the volume. 





TUT ayOKLATRY 


‘Working in a field in which the fruits to be gathered are 
‘the causes and successfol treatment of mental diseases, truth 
for the paychiatrst is scentifc knowledge of the conditions 
underlying much maladies as epilepsy, feeblemiodedness, the 
rvthotcy, and the prrchoneutoscs, as well at the techniques 
‘by which he, the physician, may treat the sufferer. Error, 
consequently is that which dissipates his energy, leads him 
along fruitless ways, and keeps him from bis supreme tri 
tumph, the understanding by which he can both ingnose 
the ailment of his patienr and cure him. 

‘The candid man wto practves in this field of medicine ia 
‘our day hss little eoough of these joys by which to replenish 
kha spirit. Few are the conditions that we complenely under- 
stand, and fewer all are those which we can sunceafully 
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treat, People become menully sick, and in the mow of 
instances we know not why. And cyea when recovery happily 
socury, our techniques and laborious efor in the majority 
of caser have not contributed in ¢ proveble wey to dhe 
recovery. We bring ford rath generalizations, and we embark 
100 enthunlaieally in a new and promising Seld of thern- 
peutica, We write grext and learned books and sulk, as all 
specialuts do, with dogmatic anthority. That the art in lang 
and understanding dificult is mon true of the field of 
peyehiarey, 

Here we may profitably establish at once a Beit in causes 
and consequently « belief in cures. The peychiatrist is in 
‘much the sume position as the plumber The latter is called 
to 2 house where there ina leak in the waterpipe Damage 
1s being done to rugs, as well as to the tempert of the 
inhabseants, He finds fmally a wor place in the pipe, which 
Ihe exablshes as the cause of the leak and which he promptly 
repain by one techmique of another, or perhsps he intro- 
duces 2 new pipe into the watereystem. He does not bother 
his head with che universe of varables, sch as the constitu: 
tion of water, the natare of pipes, gravitation, uleraviolet 
oid other types of radiation, all of whch may be Brought 

10 relevancy with the leak in che pipe. He sarts with a 
arable universe which presupposes normal pipes, inds sorae- 
thing new has been introduced, which be calls the trouble, 
and produce « new somecbing which he calls the cure. 

Since feanknew is the order of the day when one discustes 
‘error, it becomes incumbent upon me to declare my pre}. 
dices, ot, more suavely, my cultural campuleives. I dislike 
abstractions and generalizations that are reached logically, 
for I fad them too neat for the disorderly phenomena of 
‘exittenoe; and T react to the atitude of the promulgutors ab 
savoring a litle too much of oamiscience. I dislike in science 
gent aubelety and expecially metaphor and symbol, which is 
‘my chief objection 10 the Freudian doctrine. I am very dit- 
‘rusful of dhe precise separation of phenomena into the 
definite and opposing groupe that words impose upon us, 
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‘even though Tknow it cannot be helped. [like the biological 
explanation 29 opposed to the philasophic, and I am unable 
to separate the structure of aa organism from its functions 
ela more comforting to me to find x chewical or wructural 
‘cause than a paychological coe; for T can ee the former io 
the teseenbe or under the microscope, but there it no way 
in which 1 can at present kandle x peychologica! factor. T 
think the philosophers, mathematicians, and physicints have 
4 tight to deny cause and eflect in on abstract voivese 
reduced to mathematical formulse. But io the world in which 
they, aa well as we, dwell, one cannot take one wep in the 
smunipulation of thingeasthey.are towards thingsaswe-wish- 
them without consciously or unconsciously propping up our 
activities with the belief im cause and eect 

Peychiatry is creased by paychiatrins who tum out, on 
Yong equaintance, to be intensely kusoan mad ta reflect in 
their attitudes the general attitudes of both the learoed and 
the unleamed people of their times. Hence, the erors of 
peychiatry are not fundamentally different from the errors 
that are found in all other scientific elfort—to put it mare 
concretely, in all of medical thought and pracnce. Perhaps 
they become a little more glaring as the subject-matter of 
‘poyehuatry inelt le mare mywerious, more intensely reacted 
to than dhe mubject-matcer of disease in general, This later 
fact, to wit: that mental disease somehow awskens psychor 
loguoal responses whach are absent sn our reactions to the 
sickness of other types, ix quite well exemplified by preval- 
{ng customs and babies of speech. Ic is the commonest type 
of reprotch to way “You're crany.” or "He's a aut,” as iC it 
‘were a crime; whereas pa ene, embodying the ame atcirode, 
will sry “You bave cancer or tuberculosis.” On the stage and 
{n private life ove of the surest sources of humor, one of the 
easiest ways of raising » laugh, is to act the boob or the 
Junatic. It would take us far afield to attempt to uncover the 
prrchology by whick the most dreaded of human misfortunes 
sarounes the heartiest laughter. 
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ASTROLOOICAL. WEERPAXTATIONS 
The words of that mixume of chartataniom snd genius 
mown to bis contemporaries and posterity ax Theoptirastus 
Bombueus Paracelsus (2499-1543) may be quoted m etm: 
Dbodying the attitudes of his time and of the previous ages 
in rupee wo mental dueues. “That penon,” be mye “hl 
in mind io whom the moctal ad the immortal, the irrational 
and the rational spirit 6o not appear ia the ptoper propor: 
tod and strength. Those whro bave failed because of weak 
now of the rational spirit are called imbeciler; fools and 
seraclem, on the contrary, are wrathful, who are mad from 
an encem of brotish intelligence because they bave, as it were, 
drunk more of the astral wine than they could diger. Bath, 
follow solely their native animal mentality neverthelea; with 
this difference, that the fools reveal theauelees at animals 
‘with senses unchanged, the mad apd senseless on the contrary 
1s deranged beans. What the fools do is animal ox 
tradition, and good seme: the semacless on the other hand 
aod the deaf to reaion give evidenor instead of vain con- 
furion."* “Lanacy.” he stated later, "grows worse at ful! and 
ew moon becuse the brain is che microcounie coon. In 
salt, sulphur, and mercary are the frst beginnings of al 
diseases; the mercury is aublimated, distilled, or precipitated 
through beat: the sublimation causes inanity, precipitation 
‘Sout, und diatltation paralysis and melancholy. 

In this remarkable statement one finds many of the exore 
that penist in our own tio. Fin, that the eoul, x meta 
physical immortal part, is toncemed wich mind and conse: 
quently with madnes. As I shall show later, although the 
voul hiss diappeared from paychistric concer, septation 
of the mind from the body mil! perina ss 4 fortoldable 
obstacle 10 the development of peychiaury. Second, ane weet 
‘hat appears throughout the writings of the ancients and i 
part eupertition and past poetry. that the celestial bodies are 
concerned somehow with the weltare of the individual. The 
anchropomorphic god and the anthropomorphic univene 
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appear coospicwoaily ia all the chinking of ancient mes 
and have not yet disappeared from our thought. The Deicy, 
che planeu, and the farces of Nature generally arc coucerned 
with the wellare of the individual man, and bis conduct 
brings about their cooduct at reward or punishment. This 
‘cooreption appeats in all the discussion and atudy of the 
physica? diseases, but it disappeared as an active force in 
disoues of the body long before it disappeared in the diag- 
‘noses and treatment of the diseases of ube mind.* 

‘The doctrine that God punished mea by insanity persnted, 
despite Hippocrates, Galen, and potable succewon, through 
fut the ager as the general etiology of ruental ducase. That 
Goctrine appenrs with devasating force and power in the 
Bibie. In Deuteronomy xxvin the Lord announces through 
Moses that insanity is 2 paoishment for sin and eapecally 
‘the sin of unbelieving and san-worskip. Ar the end of 2 long 
lis of horrors to be Vsived upon the sinfal and unbelieving, 
hhe nates, “The Lord shall amite them with madnes and 
Dlindsess and astonishment of heart.” The Jews were bot 
alone in this belief 2¢ sppears ia the Greek legend+—for 
‘example, when the epilepsy of Hercules is Iaid to the wrath 
of a goddess; and it is part of the workadey supemtition 
of all primitive peoples. But since the Bible became the Book 
Of Books to the Christian world, chis ancient and barbaric 
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Samoet, who spoke for God. Saul did not LIT the king of 
the tribe he conquered, and when the conquered rua sated 
“inn delicate spirit” that the time for tiood hus passed, he 
a bewed to piecrs by an irate propict; and theo King Saul 
‘ws alfheyed wich manicdepressive peythouis as his reward 
for 2 ray of Kindoos. 

Centuries later that rare old armchair peychiatrist and 
philosopher Robert Barton (1577-1840), who tecorded in his 
inimitable way the paychiacric attitudes of che preceding and 
contemporary literature, sar of the Sat partition of bis 
Anatomy of Melancholy with the statement that “the im- 
ulsive cause of these miseries of man...was the sin of ouF 
frat parent, Adam, eating of the forbidden fruit, by devils 
of inaigauon and allurement.... To punish, therefore, this 
Dlindnets and obstinacy of ours as 2 concomitant cause and 
principal agent, is God's fust jodgment in bringing these 
‘alamities upoo ws, ta chartise us, Tay, for our fiom, ad 10 
antsty God's wench.” He goes on ta indicate, by citation piled 
0 citation, chat the cause of mental divenes chat be mums 
‘up under he heading of melancholy, although deir ostensi- 
ble cause is one thing or anctber, is fcally punishment for 
sin, 

‘The practical sense, perhaps the growing seculatty, of 
‘man rejected this doctrine in so far a3 bodily wetness was 
concerned Tang hefoce it was reciled from. au cause of the 
mental dacases. And so for centuries the ioxane were treated 
bby whippings, chantisements of graded hortor, ctueltics be- 
yond description, on tbe basis chat this treatment accorded 
‘with God's will and His technique. [t i troe that from time 
to time notable men arose to protest against the barbariter 
{indicted oo the insane. Thus, a Efth-century Roman, Celint 
‘Aurelianuy raises a humane voice in a desert arid of picy 
and undentanding. He says: “They themselves seem to rave 
rather than to be dispose to cure their patients when they 
compare chem with wild beara that must be softened by 
the deprivation of food and the torments of thirt. Mislet, 
doubles, by the same erzots they recomuaend that they be 
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Chained, and that ic is more expedient to restrain them by 
the tad of men than by the weight of iron. They go wo far 
a8 to advlee phyical violence by the wip aif by wach means 
10 force the return of reasoa. That deplorable treatmen¢ can, 
‘only aggravate the condition and supply unveloome mem- 
ori 1 eae te Fein ofthe inulin” 

Centuries pumed. Te was Goally Sew io France that the 
‘huins of the inatne were broken by Poilippe Pinel (1745- 
): that chey were removed from lth and degradation; 
fn short, that they weve treated at alck. Even into out tines 
restraints of am inhuman type were used—the strait jacket, 
the legizans, the cof. It took the twentieth century to bring 
it about in really civilized communitias that the meotaly 
JSck were howed in good quarter, 2te at tables with fork 
and knife, had places there they could work, gamer which 
they could silay, books which they might read; in short, when. 
it became realined that the delicate instrament of man's 
superioricy and humannes, bis mind, must be treated with 
wpenelenca for recovery to rake place, 

‘DIOSTACAL. POREESEION 

Linked with this idea of punishment was that of super- 
satur pouestloe—that devils, demons, witches, and the like 
‘were vsiuane in the bodies and minds ofthe prychotic. This, 
too, stems apparent froea religion, ax when it is wated jn 
the Bible that an evil sprit fram God brought about the 
alienation of Saul. But, undoubtedly, itis ore ancient than 
formal religion and bad its origin in the folk supentition, 
However it arose. it warked buvoc with the treatment of 
the jomne, 

Tea curious how types of cases dhat appenr to have given 
coutiderable perurbation of spirit to dhe ancieot writers 
bbave dissppeared entirely from our modera paychiatry. 
LLycanthropy, or the tanslormatioa of men into wolves, e- 
ceived considersble spece in the wncient litersture. One 
rarely sect today patients who Believe themselves inhabited 
‘by the souls of others; but, as matter of fact, the iosane also 
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reflect the opinions of their times. Indeed, they may create 
some of the opinions, expecially of poseaion. Thus, the 
detarion of pertecution takes on a modem dress with exch 
advance. Undoubtedly in witchesalt days che dementia 
[Pmecox patients believed thecuclves persecuted by witches. 
In my memory hypnotiun was a favorite persecutory tech. 
nique, This was followed later by eleeizciey, which was being 
fncroduced into the body of the patient by his enemies, 
‘Then there appeared upon the scene wirele, and now the 
‘paranoiac speais of radio 2s the instrument by which he ia 
tortured. $0 it is ety to ucderand why plryiciam of a 
former time gave soch thought to witches, wizards, decems, 
and wolves. Undoubtedly, their patients complained of being 
inhabited by these atrange aod awful creaturce, 

‘To show how powertally the idea of witches and possesion 
affected the thought of the sixteenthoentury physicians and 
authorities, I quote the following: “The supposed witches 
and powened were pechaps never more numerous than In. 
the sixteenth ceouiry and belief in the influence of demons 
fig dhe events of the world has never given rise t0 ao such 
mischief as precisely ia this period. Pope Innocent VII, 
thereioce, appointed the two Dominicans Insicor and 
Sprenger as inguisitors in Germany to wipe oot the evime of 
woreery, he even prevailed upoo Maximilian T 1 promise 
the inguisitors the help of bis secular arm. The devastation 
‘which these ruthless persons wrought for the honor of the 
Charch was frightful; ia abe clectoeate of Trier alone 6,500 
persona were put to death within © few year."" And the 
‘tuthor goes on to rate that Lather and Melanchthoo—to 
te only twa of the Uuserious penons of the time—secribed 
Hinewes of all kinds wo demons and. ghosts, Most of tbe 
prchiatric writing of the aixteench century i pro and con 
the quertion of ponenion. For example, John van Wier 
(3515-1558) atrongly and stoutly mood agains the iden of 
1a Se ats tan Soper tt ney ono On 
ie ryphinige by Csenan Seems wick eco oe now of OF 
nan Jour of Psy Ls Wek ak 1 
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pomenion in mental disease and pointed out: “It is uaually 
ielancholy and hynerical women with disordered power of 
imagination wha start the rumors and ideas of possesion and 
witchcraft.” He was fiercely ameiled for this. Seribonius 
‘wrote ageinst his, Thomas Erescas exhorted the Christian 
rraler to id the woeld af these momserous cremustes; George 
Picorius wos expecially vehement io bis incrimination of 
‘witches a8 producing madre and in his horeiBed deauncia- 
Aon of thove who opposed the idea. 

‘Aber the simteenth omtury, however, the prevalence, 
among physicians at least, of ‘the idea of poweaion and 
demoniacal influence begun to wane. The omter of the stage 
‘of peyehiatric thought came to be ocrupied by more 
“eatural"errosa, of 2 type ome cannot quatrel with too vigor- 
ouuly because of the meaking beict that will not down, to 
‘wit: that future writers wil view the paydhiatrists of out time 
1 poucsied of error, but doing their best in view of the 
aatuze of the thought of their time, 


IAGNOGIS HY COONCTENCE 

‘Avecond error arses from the woivera] and naive reaction 
of peut hac ergo propter hac. I label this error athe worship 
cf the great god Coincidence. I ia dfScat, impomsible in fact, 
for untwored man to discriminate beween coincidence and 
cause, Te is euy t0 my whee a tao baw been disppointed 
and then saves in canis, that the dimppoizument causes his 
<liseae; just as i is plemant 10 do someching, whether it ix 
to pray, give elecricity, ressove tonsils, and to axcribe the 
recovery of the patient to prayer, electricity, and tonsl- 
Jectomy. We cannot rest without cause; unless We are mathe- 
sasially inclined ané know about probsbilty, chance, and 
ceror, we ascribe the striking event that is antecedent to the 
‘nestor the recovery tothe series of erent that fallow, The 
lsposition to praise and blame ehas encers largely into the 
seceptance of coincidence as cause. 

“Thus, throughout che icerature of insanity, we Gnd that 
Gisppointoent in Jove ia scribed as » cause of mental 
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ineue, and examples are cited in prook Masutbation, tbe 
“woliary sn" appean euly as a cause, nce the inane 
muascurbate. Even in the wticngs of the crler peychiatriss, 
of the nineteenth eentary his error in cocspicaoualy present. 
“Then it commenced to fade out of the iserarace 9 cause and 
to become merely a pheoamenca of the seraal life, wme 
times asoclated with mental sete, bur more often appear 
Ing a a frustrated or partial ecrual reaction. Economic 
revere und docal yeveres Of any type sand oot as cates, 
‘ot only in theofficial Literature ofall times, ut more coo- 
jouuly in the lay mind, despite the fart that financial 
Gepremions come and go with oo increase in the paychowes 
‘Any advene circumszance occuring to an individual who 
later fall ck becomes blamed for his mental dscae, euch 
an an ancient blow on the bead, a frustration, « pausing fear 
1 in eurious that oaly few are the cases where a great joy i 
‘aid to “unbalance” the mind. "The term “unbalznee” indi- 
tates the general opinion bela by both the lnity and dhe 
specinia,tarely, thatthe eoind ia something which has a 
cquiibrium, and whea that equilibrium is digurbed, it fll, 
into fomunity. Tis relic of anehropomorphin hae wot yet 
Aisappeared, although peyciatrnu a8 a whole have dixarded, 
1a, But singe every court of law is a eibunal which judges 
mien mine oF jane, the lay opinion will exer x profound 
induenee. By that Iny opiaion the uotoward event of what- 
ver type may be blamed for mental diseue 0 that atrifing 
jury with subsequent menal disease becomes x matter of 
gation; a ay jy of ewelve good men and true is wipponed 
to decide the delicate question of cause and elfen in relation, 
to the mone diffcule of hema problems 
A third error rades in the disposition 20 commonly seen 
throughout the history of human learning, to infate 2 few 
{aca ino a generalization, to develop next logica stems, to 
‘blind oneself to opposing perecptions and contrary experi- 
ences, and 20 se anly that which one withe wo se. The dog. 
satis ‘ocorporatss bis theory inwo his egos, the theory 
becomes part of his amour propre—something tobe intruded, 
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into the thinking and acting of his concemporaties, vorne- 
thing to be defended with debate, that ewer form of battle 
which beclouds thinking. “AIl cats look gray in the dark.” 
Je La only when daylight cocses that one ia seen to be black, 
‘another gray, all another white, to any nothing of inter 





mediate and’ divere colors and shades, Moreover, there i 
thrust upon the specialiat of whatever type the Deceuity to 
‘be dogmatic; people expect it of bim. They want to lean 
‘upon bis asuredness and certainty; tbey cannot believe chat 
Ihe does not know all about his rabject. 80, coniciously ar 
‘unconsciously he playa up to this expectation and talks Teart- 





TIEEMOLOGICAL AND FIFGHOLOGICAL CONCEPTIONS 

row the Greek days and for centuries the infloence of the 
“humors” foducing mental disease have been screed but 
the adwincare with supentition and magic vitixted even this 
‘fort at scientific thinking. The term “melancholia” immor- 
‘alizes the belief that a black Bumor produces the depreaicn. 
‘the lowered energy. and the gloom of one of the great mental 
diseases. The Hippocratic humoral pathology governed the 
hought of disease in general and especialy of meno disewe 
to the seventeenth century, and ic has, in a tense, a lineal 
descendant in the present day endocrinal theory of the origin 
fof meotal diseue, although there is only 2 limited resem- 
‘lance, certainly not identity. According to thus theory, “man 
‘yar a miniature embodiment of the universe, the four ele- 
ments of the later—earth, water, fire, and air—beiog tepre- 
sented by the four humor, yellow bile, black bile, blood, 
and mucus respectively, and theve four humors contributing 
10 the body the respective qualities of drynes, moisture, 
heat, und cold. The various manifestations of inuanity were 
merely dhe effect, therefore, of an excew of one of the ober 
‘of these elements, the expreation of too much Beat ot cold, oF 
cof to0 much or too litte moisture in the brain.” 

Te would take us too far afeld 1 dlacam this notion In 
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any dewil, nor would it add soything to cite the authors 
‘who formulated their concepts of mens disewe in terms 
cof the humore. The point is that Jor centuries no attempt 
whatever was made (0 subsantite or to reject the doctrine. 
Ti was derived from authority and from an ingenious ident- 
Fiation of man with the universe. The concept of the macro- 
coames and the microcommos ruled the world of raedioal 
‘thought. Any direct smdy of a single brain would dispel any 
‘notion that there waa any dzyned! or overabundance of moix 
‘ure, any accumulation of bile, mucus, ot any of the humors 
in the melancholic, Io fact, the most refined investigations 
of our present day show nothing to substantiate any such 
‘notio, Prychiatry was a matter of logical speculation, infer- 
cence, and authority, Although men made sbrewd obeerva- 
tora in expect to the clink? symptoms of mental disrare 
and there appeared from tite to time very good descriptions, 
the attempts at etiology and, comequentiy, at treatment 
‘pathetically iustrate the thesis thar man is a herd enimal 
following 2 leader blindiy. 

Long ago the father of smeicine, Hippocrates, discerned a 
Physiological fact of the greatest importance to mankind. 
He stated: “And by the same organ [referring ta the brain] 
‘we beembe mad and delirious; and feart and terrors axail 
‘Ws sonne by night and some by day, and dreams and untimely 
‘wanderingy, and cares that are nat suitable, and ignorance of 
‘resent circummances, dewetude and unskilfulness AU) these 
thiogs we endure from the brain when itis aot healthy, but 
‘swore hot, more cold, more rooist, or more dry than natural, 
‘or when it auffera from any otber prevernatural ot unaxal 
atfectioo." 

Unfortunately, the greater authority of Aristotle entered 
the field of chought: be sponsored the theory that the heert 
‘wan the seat of the mind. Mareover, the philorophers snd 
religioniat, actuated by various sotives eparated the taind 
frown the body; so that diseases of the mind, despite the clini- 

evidence and common observation that every bodily con- 
dion, from fatigue ta brain injary, altered mental capacity 
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and activity, were placed in a separate category of events, 
and a dichotomy was extablisbed which in will evident in 
perchiatry. The literature of the Middle Ages is cunouly 
replete with the growest materialise. in cut the state of the 
bowel, for example, is intimately linked up with mental 
setlvity, but by a curious ambivalence the miod war given 
‘by the fame observers a spiritual significance und linkage 
akin tothe soul and often identified with it, This, to a cermin 
degree, accounts for the barb treatment of the insane, since 
it Mas been a popolar trulam and is vocasily present ia the 
thought of most of ws chat a man can “help” what he chinks 
and what he feels, even though he may be helpless againut 
a bellpache. 

‘This error has definitely permeated the thinking of the 
perchiatry of our ewo time I cite as an example Bernard 
‘Hart, This leader of Britis poychiatry has written 4 book, 
The Prychology of Insenuty (fourth exition, 1981), which 
thas been widely read. He dilrentiates between the physio 
logical and paychological conceptions of mental disease in 
‘the following terme: 








The phmloloyal conception admit dt dhe phesomenn of 

fomanity are phenomena of concousnes, but It asumes datt the 
‘mrntallprocases are accompanied by cocrerponding changes in 
the beain, and to thse brain change it devote all ix attention. 
‘Wieb the phenomena 1s fact of camsciourmem it has na iaame 
ite concem. The Grit aim of the phytologial comceptian in to 
find dhe actual changes ia. the beein which occa in inminity 
and che beuin changes correlated with each morbid mental 

proces. Tor altigare aim Ig the diacovery of convenient “Leva” 
‘hich will decribe xe rain proces a the teat and Mt 
comprehensive manner. These ines will, of coune, contain noth- 
ing but philological cermi—terme af comicusmes: will fod 20 
lace therein, 


"The preclogical comepicn, on the oder an, kes font 
she outer slogeier Gens mate eget he cls 
proc ocring naaiy mt he stn ih eh 
WW open o Gea fa winee aa ae Say of 
otenient “Ieee” whic will shorty sod cxpecentvely 
tebe dae conzioat procewn: kn ti cu the wr wil ee 
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tain cothlog bet pepchologia} terms—terms of brafm will find 
‘to place therein. 

1H is of the utmott importance chat, in the fal “lam” ob- 
tained by ciber the phytologcal or peychological cmoepiou, 
there ehould be no mixing of the tem The pryplologieal lew 
must contain no prychological term, wad the pycholagical leet 
ust connan no phyalological rma. Nothing but hopelem con. 
fuvion can revule from the mlxcute of “brain-elli” amd “ean” 
"The rewder moat be atked to accept this statement a # Joga. 
‘And adequite Cesonsration of is traih Would tke uh far 
‘Deyond the limite of this book. 


‘That this is pot an isolated atritude is further exemplified 
by the writings of Paal DuBois, who follows the peycholog- 
cal conception of mental disease, if not through Separtmental 
comsideratioas, through the belief chat the mind can be 
‘treated fundaroeatally only through mental stimulations in, 
the form of good advice, moral teaching. and philosophic 
admon:tion. Unfortunately, che patient who presents himself 
10 me of to any ocher practising peychiatrst does not come 
‘with hia mind in one band and bis physialogy in the ather. 
Suppose that he presents the clinical picture, at medical soe 
phrase it, of one suffering from a dementia: in otber words, 
‘his memory it poor, his power of entering into intellectual 
relations low, bis sbility to plan and carry out purpose de- 
ficient, Suppote, in addition, chat be has changed in pertoa- 
ality, ia that he bas low chose ethical reations which 
‘hracterize the so-alled normal man, and his esthetic con- 
duct has reached the animal stage. Surely, bere is someone 
changed mentally; yet on examination ope finds that the 
iscase procem icvolved ia eypbilis of the bexin, and shat the 
‘entire mental alteration rests opoo the disurbed physiology 
incident to the invasion of the trepanoma pallida. The re2- 
tion af the body to this invader, whetber it appears in liver, 
hheart, or brain, incerferes with the function of the organ 
involved. The function of the organ involved in this case is 
the expresion of those qualities we call mental, although 
aay ty7o in physiological peychology knows that every emo- 
tion mpreads itelf out to the scnailest blood-vese) end the 
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further orga; that the whole chemistry of the erganiam is 
changed; that the vice pareike of mind and the expreatoa 
of mentality in wach 2 way ab to make them ports of the 
‘mental mechanism of the body. In the perticalar cate cited, 
‘the peychology of the situation presenta no spprotch what- 
«ver for therapeutics, whereas definite physiological chemical 
mmeamures offer hope to the patient, as whea be is erested with 
the arsenal preparation introduced by Ehrlich or by the 
sualari] reatment introduced by Wagner Jauregy. 

We may develop this thesis in many clinical directions, 
‘Thus, the alcoholic, aching to exape from his dificult 
nd his own personality, attempts 10 wipe out those diff- 
culties and to alter that personality by imbibing a chemical 
substance, GyH.OH. The fact that be does imbibe this drag 
for the eflecs that it produces show that peychology and 
physiology cannot be separated. Moreover, the result on his 
forganiim of the continsous mse of alcohol is, for exaraple, 
to mate him abnormally suspicious of bis wife, #0 that he 
seea and bears her imaginary lovers o0 every side, and it 10 
alters his ethical responses that be Lilla ber, although when 
Ihe is sober, be may be the kindest and gentlest of husbands, 
‘Dramatic as these exaunples are, there afe nameroos others 
to be taken trom the feld of clinical peythlatry which make 
fone rather scornful of those nice armchair philovophizings 
by which the ming is seperated from the body, and of the 
profound remarks that by a0 wanner of means can the 
Ttrdge between the neurone and the idex be crowed, As 2 
‘atte of fact, mo logical bridge can ever be erected between, 
any two phetomena, although experience and experiment 
‘muy indiawolubly link them cogcther, 








erouomieeRary OF Tee. NECROSES 

‘This may bring up the question in the informed reader's 
‘iod: What about the whole field of peychotherapy. which, 
in 8 formal seus, is a recent development in prychintry? 
‘What about the searching for complexes and persooaity dif- 
Seulties as explaining the euros? What about the pay 





ERROR IN PSYCHIATRY 439 
choses for which mo physiological cause as yet bes been 
Sound? The answer to all thin % chat aubseantially the 
neuroses are as yet unsolved problems, despite the claim of 
the prychoanalyscs and prychoherapins generally. The new 
soses are “cured” by peychoanalyis, Chrinian Science, omte 
‘pathy, the shrine of Ste. Anne de Beaupré, «ram in forwuce, 
‘aux vornica, and sodium bromide, 24 well a phenobarbital, 
T muupect, therefore, that most neuroses ae sc}timited, that 
they tend to run their course and get well mare or lew inde 
pendently of treatment, jus as many ployrical diseases do; 
‘this i bane out by the fact that there ate 40 many methods 
aand to many schools claiming to “exre" the neuroses. When. 
a cherapeusic mente ot method tealy cures, it quickly guine 
the ficld and is without rival: for example, the Ceatment of 
diphtheria by ancitoxia, the prevention and treatment of 
tetanus, the uve of the acsenicals in apphulis of liver and its 
analogues in pernicious anew, and of quinine in malaria. 
‘Where there are many therapeutic approaches, it w probable 
that none of them is actually curative. 

‘Thus, even where we advocate a peychological technique 
for the treatment of the neuroses, it in to be remembered 
that the complains of the neurotic are largely phynological. 
‘Thar is, he may be the victim of pathological complexes: he 
‘may be reacting to a ife situation fa an anadequate manner; 
Ihe may ceed advice, analysis, eathrsis, or whatever approach 
‘ane elects to cake to his dificulcies. Even then, his phpsiologi- 
cal sate ia of isponance. Help for bis sleeplesoes, tonics 
{for hia appetite, may be af paychological benefit: for 20 man 
in a prychological veriea of sates lating ia tn air. Mood, 
‘eootion, energy, are anchored in an organism whose phys 
ology ic is always impor: to understand. 

Furthermore, the very sectat developments in electrical 
science have shown ur thet the menial proceaes give of 
sction-currenta of an extraordinary type, that cach perceptual 
funetion is a differentiated electrical response, We are com- 
jing auch nearer to the time when we cam exprem, quantita- 
‘ively and qualitatively. the formulae of the ental states 














4300 THE STORY OF HUMAN ERROR 
"The progren af peychiacry depends upon taking into account 
the whole milieu of che individual; che peychizart needs to 
keep in mind that sonal presnure and social conditioning are 
fast merely names but actual physiological procentes, 
SURSDIFY Amp rotrnoursime 

‘Teum now ta 1 pair of cree which were most conspicuous 
in the peychiatry of the nineseenth century, although they 
are even yet in evidence. As eciology of the mental discatet, 
heredity has been given the fret place, not ooly by » few 
thoughtful observers in the Greck period and the Middle 
Ages but expecially since the biological conceptions achieved 
their great publicity and impareance. Starting with the ob- 
servation hich ia foreed upon any man of experience that 
‘menial disease “runs in familia,” there was developed 
school of thought which gave ta hereditary transmission the 
{isa place inthe causation of the peythoues and which merely 
hanged its form in the twentieth century by king oc: 
“Mendelian coloring. In atating that there was grom crvor ity 
the wotk and jn the conclusions of the dininguished pro- 
ponents of heredity, 1 do mot mean to deny Out heredity 
isan important factor in maenta diseases and feebleminded- 
heat I merely state that what pawed as scientific proof wat, 
fn the main, a fine example of petite princpii. 

"There developed in the early nineteenth century a theory. 
fathered by two French paychiatrina, Auguur Beaedicte 
Morel and Jean Etienne Esquivel, bat given it greatest imn- 
[petus by the celebrated Cesare Lambrovo (1896-190), called 
the polymorphic cheory or polymorphism. Ou ¢hia I quote 
{rom an extlier publiction* 





‘These 6a maiury someting in te neurpeshic ox pret. 

inheritance which makes ioell manilet under mazy 
Fite [enw the polorphant Al macser af ena docasy 
foctoding the organic disemwes, are thus labeled, and nll prycho- 
‘reurees, incinding as well epilepey, feetlemindednes, and 
+ hbpabam Mpamea, The fabio of Menta! Dee (mors, 19) 
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‘and fa generally lew than that observed leewhere. “Men of 
[feslor frequently sammer"—I know many medioct- 
lex I is bard to believe Chat Lomsbeoo's wok found so great 2 





ion of degeaericy any 
‘ing deviated. trom the commonplace must ineviabty force 
feaiv foto degeneracy since the very ewence of genius ls hat 
{in pecullety exuberent in cevain gualien Th tbe rusake 
in Joie which nulifis aU the work of dhe polymorpbina is seen 
41 Jon bet in Lombroo, that it cake the Premise inevicably 
lndude dhe cooclosica, 10 “prove” whet onc samc 


‘This polymorphic theory underlies even the work of 
(Chartes B, Davenport and the American eugenic school, In 
seadying the (uberitance of epilepey be makes up « lin of 
character all of which are given equal hereditary weight 
{n reaching the conclusion that the patieot's condition rests 
on a bereditary baxis, These characters are all vague, may 
atise from a number of exer; forthermore, their hereditary 
‘weight fs the point to be proven. Yet with x1 appalling wang 
‘roid theft hereditary potency is asummed. The list warts with 
4 (which equals alcobatiem), proceeds with apoptexy, blind, 
Bright's disease, crimipalinic, cancerous, deaf, cic, and goes 
‘lithely enough through the alphabet 10 F or vagrant, The 
‘inal critica of such a lst an that which Davenport here 
‘umes in thir: by extending the list of conditions thet may be 
declared hereditary, ene Analy extinguishes all diferences, 
‘comes down co the fact tat rua is mortal, bas sicknewes and 
‘weaknow, snd is sinful, A Linkingsrp thoa can be made of the 
‘viimitudes and isietanes of lle and che peychistric 
discwes, 
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‘This hind of work, which atmumes that a srnageill will 
take care af meas, pevingwtones, old clothen, and soap and 
turp ont good mumges, is the abuolutely untenable basis of 
the work done mot only by Davenport, but by thous wha 
‘ave portrayed with gusto and alarm the royal families of 
the feebleminded, the Nant, Kalllals, the billolt, Zero 
ibe, tc. 

‘The extort im this whole theory, which dates back to a 
petiod af medical knowledge before there was any definite 
‘undcrianding of braic physiology. spinalfiuid chemistry, re- 
flex pathways, serology. endocripology, X-ray wody, way be 
‘thus eoumerated: 

Fins, che fallacy of the positive instance dornioates f, for 
‘example, it tutsw oat that the ton inmne have wore cased 
‘ot apoplesy in their ancestry sod collaterals than do the 
inane, as & the ease, then apoplexy in an ancestor is merely 
coincidence and not related to unity. If itis asrumed that 
alcobolim in an ancetor or relative is 2 hereditary peyeho- 
pathic character, how ia the fact explained that the children 
of the aleobolie Scotch are no worse so far as fseblewnindal- 
net, ete, concerned than the children of the non alcobiolie 
Scotch, as shown by the suudy of Eiderton and Pearson? Head 
ache, fainting-spelis,epilepey—all these wre terms of varied 
Clinical meaning and exiologic value; they are uot specie 
and may relate co auch divene matter ax brain tumor, frac- 
tured skol, bad teeth, simusitis, heurtdisewe, indigetion, 
and malingering, At least go per cent of 
the work done on the heredity of ssental diseases has been 
‘sted, and a large part of it is merely a boletering of pre: 
‘conceived theory by specious Bgures, 

‘Second-and this error is as bad oo the other end of the 
situation a the weighting of the percbopatble ancestors and 
relativer-any approach to the problem of perchiatry tat 
‘aakes © unity of even a unit of “insanity” or feebleminded- 
‘neat of crime is Based on a fallacy of the overgeneraliithon 
type—so common when Tittle is known about x robjec. The 
‘all eats Jook gray in the dark” axiom aptly Gis the cue, 
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‘nmanity in » Jegel term abd merely means that the petton 
labeled as inmane needs incarceration or must have hia affine 
‘managed by othen. Mental diseate has quite 2 different con- 
‘notation. though a fale umity is implicic in the word mental. 
‘What links tagether, for example, the case of general paresis, 
duc w syphilis, with the aleobolic ballucioosis; ar either or 
‘boeh with the ease oF dementia precox, which rexa very 
key on some hereditary disorder; of all of these with senile 
dementia, which comes to everyone who lives loog enough 
‘0 have bis brain disordered before his body dice? Similarly 
with feeblemindednes—this is merely the name of 2 eymp 
‘om, Just ax cough is. No more than the cough of poeumonia, 
uberculoviy, apeuryiam of che aorta, naval epur, hay-fever, 
Inyteria, and embarrumeent links these diseases and cood?- 
tions together doer “feeblemindednen’” tink together 
‘cetiniam, mongolian, microcephaly, brain injury, and the 
pethaps hereditary group of the feeble-mioded, 

‘Where lite is known in wedicine, heredity is invoked as 
21 cane, jost aa in eobereulosis the eary clinicians called it a 
{family o¢ heredicary disease on the sure basis that we How 
speak of the familial prychowcs, mumuely, that brothers and 
dicen, ancestors and descendaots, hud tuberculori, Thea 
‘are Koch ated the discovery of che tabercie bactlas, which 
Iknocked out heredity and placed the blame oft an enviroo- 
‘mental organism. Tbe ground then shifted to predisposition 
—that i, patients acquired tubereulonis because they were 
predisposed to get it, While it cannot be denicd that there 
‘aay exist a predisposition and that some persons resist forces 
to which others eaily micrarsb, there is a good bit of petitio 
Privcapu in the genera} use of the word. A skull can De frnc- 
‘cored by a falling brick only Hf tr ts thin enough—dhat 1s, 
‘predisposed to be broken; otherwise it would crack the brick, 
in which case the predisposition would be with the brick, 
Predlupositian. coogtinutian. these are logically necesary 
‘inferences; bat they are nat fact, nar antl the whole world 
‘of variables is takzw inta account can they be chown even 
mathematically to exit, 
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"The whote subject ofthe heredity of mental disease needs 
a freah sont, The oineteenthcentary work can be discarded 
almost completely, and mos of the twendiethcentury Te 
searches make a jurnp from genesics, which is Timited in i 
pplration and deals with simple characten of simple crea 
tures, to the mentality of man, which, whatever weight we 
ray give to heredity, i cerataly in past « product of social 
‘tod cultural forces. There is some hereditary background for 
afew of the mental diseases, apparently for manicdeprenive 
‘Peychonis, pethaps for dementia precox, and for many of the 
‘ates of feeblemindedness. To infer that theve se Mendelian 
chatacters ls to proceed without the slightest pouibility of 
‘proof—certaiuly at the present time, 





‘A comideration of past exrore would bave no more than a 
Dinorical value if it did not belp ux to guard against repets 
tiom of these mame errors or of similar ones in our own times. 
Prychiatry seems to me to have been patticularly ditto 
guished by iu fecility for generliavon and for dogmatic 
Aatement entiely beyood proof and fact. There bas been a 
trend of modern paychiatry dating from the time of Lom- 
browo in the lauer part of the minetcenth century, which 
carves with it the grave danger of overgenerairation, of mis 
‘aking diffeuly in the socal relations for peyehiatry, and in 
general of carrying the atitude of the specialist altogether 
too far, I refer to the whole development of what 13y, for 
purposes of courenicace and claulfcation, be called sera! 


etry. 
Pwr be unis w wigan on ofthe get deelap- 
‘ments of peychiatry inthe pas itty years as errr, ‘The exteo- 
sion. of the specalicy ino social matter, into the problems 
delinquency, family adjustment, and the care of children, 
i x Iogical and natural development. What I bere sigmatize 
as error is that extension af thought and activity by which 
the nocial problems that are becoeaiag a new part of the field 
of prychiauy are ducnised as if they were maialy paychiatric 
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problems, The point I shall make is that peychiatry has some: 
thing to contribute in the dixcamion 21 an approach, an 2 
Philowophy {8 ane chooses to use that word), which Je im- 
portant; but basically these problems are not prychiatric 
"The solution must reat in the hands of thowe who are not 
pevchiatrine or who, if chey happen to be peycbiatrsts, enust 
in edaicion become sociologina, ecooomists, and students of 
the social sructare generally. The principal error that has 
‘been made is to mistake social maladjussment as neceuarily 
erchopathological, 

‘Again we trace an error to the great Lombroso. The adjec- 
te “reat” in oot bere uted in any cynical or insincere seas, 
foe 4 man may be great despite his errors, in that his infia- 
cence has becn directive and powerful. Such individnals are 
cohen extremists they overemphasize and distort, but never: 
thelow they have modised men's thinking aod acting to a 
reat degree. Lombroso rarted the saidy of the individual 
delinquent on a payehiatrc basis: but the trouble is that he 
entirely forgot char crime fa a matter of social definition, that 
hhe did noe coouras o compare his delingueots with the 
xoraal population, that somebow ke compared a criminal 
with a hypothetical norma} who never has been seen on land 
co sca, Thos he reached the conclusion that crime was like 
‘Feuius, a sort of degenerative neurosis or prychors, His idea, 
namely, that the iedividnal delinguent should be sudied 
rather ham the cries, was profound and farceaching, despite 
the fact that almox every conclusion ke made about the 
criminal was incorrect 

Since his day there has beeo, 10 to speak, a line of pey- 
chintriats working oo the idea that crime bas iu root in 
womething akin to mental disease. Thus, in the fire flush 
cf fervor in the application of the Binet test, it was quite 
conclusively proved to the tatatactlon of rome leading pry- 
hiatria and peyebologies that the large majority of erimi- 
aa were feeblemioded. This missoderstanding-—which 
could have euily been prevented by that sine qua non of 
scientife effort, the cootrol study—received a lethal blow 
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with dhe mental examination of the Army during the World 
‘War, the ravults of which should fave caught peychiatists 
that their prime approach to any of Uacie probleus included 
study of the socalled normal man. At about the same time 
a linle bit of circular reasoning was indulged in by several 
important paychiatrits interested in criminology, when they 
dixcovered that moe crimioals were peychopathic persan- 
ati. This conclusion they reached, firm, by defining certain, 
types of prycbopathic penonalities ax chronic criminal, and 
then stating that these chronic criminals were paychopathle 
personalities. No control studies have been made a1 to the 
amount of peychopathic perwoality defined io other tera 
than criminality found amongst college profesors, whoo! 
teachers, mechanics, and even the learned prychiarins 
themselves 

IL by a paychopathic persooality is mast serious emotional 
Aifculey or impaured capaciy of the individual to adjust 0 
others without outstanding peculiarity or great strain, inde 
pendent of the divection of manifestation, then it will be 
found, I venture to say. that there isan extraondary amount 
‘of papchopathie personality is. the world. Samuel Johnson 
wat a prychopathic pertoa, and 10 is soxne shallow Sex exh 
Licionise confined in a county jail. To drink too mach is 
Paychopatine, and to drink not at all is alko peychopathic, 
‘The over good are peychopathic, av are the oversinful, Auy- 
body who it not early classified can be etigcatized ax pry- 
hopathle. Except as applied 10 a few limited groupe, the 
tere it weed without any real meaning and constitutes one of 
the darker areas io peychiatry. Our difficulties will not be 
cleared up by any blanket terme that cover jgnorance. 

Such complex phenomena a1 crise are not ently settled 
by any woitary explanation, nor man we make the minake 
of judging all deviations af conduc: from & legal or moral 
tandard a8 peychopathie, The Seld of character has not yet 
been mubjected to laws and formulae. Furthermore, in the 
adjunaaent of any individual to the complex social stracture 
in which he lives, there are at Jens two se of factors of 
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impartanoe—fimt, the nature of the individual, and secned, 
‘the particular set of racial forces playing upon him. The 
fault in maladjustment may be the “fault” af the social 
erncturc and not the “fault” of the individual. In other 
words, what peythopathology there eary be ay vert with the 
traditions customs, methods of teaching, ecocomics, sad 
Seyalation of che times. The individual by himself may coa- 
ceivahly be excellent in another secring, yet he ny be ope- 
leuly dimbled by what has happened and what is happening 
to him, So the abnormality with which the peychiarise may 
find himselé coeapelied to deal may be due to the paycho- 
‘pathology of society rather than the paychopathology of the 
‘Individual. This eocia! prychopathology may render hopeless 

uation which, if the social srrocture were flexible enough 
tard bad any thought for the Individual, might well be 
‘curable of, €0 put it more broadly. atjuatable. There is 
definite tecdlency an the part of payciatrits to tak and act 
aus if the tocial seruccure were all right—were, 40 t0 speak, 
rnormal—whereas any consideration of wcial Tite wx it is 
‘reveals its ignorance, brutality, and inadequacy. 

Social peychopathology involves great difficulties, ws any 
student of the social sciences knows. ‘The capscity 10 find 
‘ante and eflect in the ocean of social life, fa the currents of 
all kinds that sweep on and through the individual, is prob- 
ably at the present time beyood human power. All the 
oychiatrst can hope to do isto select from the milieu thove 
facrars which, in his bese judgment and at a result of bis 
feiperience and that of others, seem ta be basic in creating 
individual maladjustment. Thos, the home, that very com- 
plicated social product, imposes atraiow and burdens on its 
veeupanss which, though they are io the majority of caex 
compensated for by the advantages, may in many otber cases 
bbriog te rach compenmtion. Agaio, the sexual life, inlud- 
ing marriage, may reasonably seem 2 fundamental source 
‘of emotional tension, fatigue, obseniom, and fration. The 
economie strocture with iw competitiveness, with its burdens 
of the impress of fear, the sense of inferiority and failure, 
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may, om examination, appear wo be the isnpostant variable 
that compremet and depremes the individunl. 

‘Nevertheless, while the pepehiaerat may hypothetically wet 
‘up any social factor aa important and work as chough he bad 
Aixovered the source of maladjustment, be sbould always 
beep in mind chat this may be mere coincidence, that his 
etiological conclusion suay Be as naive as those which were 
reached by Paractinus and bis contemporaries, He must 
swoid, ut att frou the acestific angle, x doctrinire position. 
mid the bold building wp of socal and iodividual theory 
‘of his aubject.matter, In the present tate of is knowledge, 
perchiatry needs research, research, and research, It alo 
‘needs the humble, diligent spirit. 
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